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Background 

This Work Plan presents the activities to be performed by the U. S. Department of Energy 
(DOE) for the Remedial InvestigatiodFeasibfity Study W F S )  at Operable Unit (OU) I11 of 
the Monticello Mill Tailings Site (MMTS). The MMTS is located in San Juan County, Utah, 
in and near the City of Monticello. The MMTS consists of a former vanadium and uranium 
millsite, encompassing a 1 10-acre tract of land owned by DOE, and surrounding peripheral 
properties owned by DOE, the City of Monticello, and private parties. 

The MMTS was placed on the National Priorities List (NPL) in 1986 because of elevated risk 
associated with the spread of contaminated materials related to the past milling activities. 
MMTS is being remediated in accordance with the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA), as amended by the Superfund Amendments and 
Reauthorization Act (SARA). The DOE, U. S. Environmental Protection Agency (EPA), and 
State of Utah (State) have entered into a Federal Facility Agreement (FFA) (DOE 1988b), 
pursuant to Section 120 of CERCLA/SARA. The DOE is the lead agency that provides 
principal staff and resources to plan and direct MMTS cleanup activities. Oversight of 
activities performed under the FFA is shared by EPA and the State with the EPA having 
ultimate responsibility and authority. 

The MMTS has been divided into three Operable Units: (1) OU I, the millsite tailings and 
millsite property; (2) OU 11, peripheral properties adjacent to the millsite; and (3) OU 111, the 
Montezuma Creek canyon downstream of OU II. A Record of Decision (ROD) for MMTS, 
signed in 1990 by the FFA parties, stipulated that contaminated materials in OUs I and I1 
would be excavated and placed in a nearby repository, and that a focused RI/FS would be 
conducted at OU 111 to address contaminated surface water and ground water emanating from 
OUs I and 11, and the contaminated soils and sediment deposited downstream of OU 11 in and 
along Montezuma Creek. 

a 

Preliminary Findings 

A number of studies have been conducted since 1955 on MMTS media including air, surface 
water, ground water, and Montezuma Creek soils and sediments. Inorganic analytes (specific 
metals and radiological constituents including gross alpha and beta) are associated with millsite 
activities. Existing media data were compared with benchmarks including preliminary risk- 
based concentrations (see Work Plan Section 4) and preliminary identified Applicable or 
Relevant and Appropriate Requirements (ARARs) such as promulgated safe drinking water 
standards. Media specified below will be assessed to estimate potential threats to human health 
and the environment: 
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Soil and Sediment - Four analytes are sporadically located in floodplain soils and sediments as 
apparent overbank flood deposits, and may exist in significant quantities of millsite tailings 
deposited in stock ponds and beaver ponds. 

Arsenic Beryllium Manganese Radium 226 

Surface Water - Five analytes are present within Montezuma Creek or seeps emanating from 
the millsite. Surface water is not C U K ~ ~ ~ Y  used as a potable water supply but is used for 
agricultural purposes. 

Arsenic Selenium Uranium Gross Alpha Gross Beta 

Upper Ground Water Flow System - Nineteen analytes are present at levels exceeding 
benchmarks beneath the millsite. Nine of the analytes (*) have migrated off the millsite a 
these elevated levels. The upper ground water flow system is not currently used as a potable 
or agricultural water supply. 

ArSeniC* Nickel Lead 210 Uranium 235 
Beryllium Nitrate Polonium 210 Uranium 238 
Lead Selenium* Radium 226* Gross Alpha* 
Manganese Uranium* Radon 222" Gross Beta* 
Molybdenum* Vanadium * Uranium 234 

Deeper Ground1 Water How System - There is no indication that millsite contaminants 
threaten the quality of the lower Burro Canyon aquifer. This aquifer is an alternative drinking 
water source to the residents of Monticello who derive their primary drinking water from 
surface water collected at Loyd's lake upstream of the MMTS. 

Primary Project Goah 

The primary goals of the focused OU I11 RI/FS are stated below: 

1. Set millsite cleanup levels for non-radiological analytes protective of ground water. 

2. Develop and screen response action alternatives, including preliminary identified 
presumptive remedies, to protect human health and1 the environment under current and 
likely future land uses. 

3. Select a preferred alternative(s), prepare a proposed plan, and incorporate public comment 
into the OU 111 record of decision. 
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DOE is also pursing an anal* of early aCtion(s) for OU III in a segmate meamhed - r i s k  
evaluation (SRE) and engineering evaluatidcost analysis P C A )  casktent with the EPA’s 
Superfund Aderated Cleanup M d d  (SACM). 

Schedule 

The schedule for the RUFS, proposed plan and record of decision is as follows: 

~ O f c a J m ~ d h r m e S t a n e s  
1998 1999 

a 

D 
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1.0 Introduction 

This Work Plan, prepared for the U.S. Department of Energy (DOE) by Rust Geotech, 
presents the activities to be performed in support of the Remedial XnvestigatiodFeasibility 
Study (RVFS) for Operable Unit (Ow III of the Monticello Mill Tailings Site (MMTS). The 
MMTS is located in San Juan County, Utah, in and near the City of Mmticello (Figures 1.0-1 
and 1.0-2). The MMTS consists of a former vanadium and uranium millsite, encompassing a 
110-acre tract of land owned by DOE, and surrounding peripheral properties owned by the 
City of Monticello as well as private parties. 

The MMTS is on the National Priorities List (NPL) and is being remediated in accofdance 
with the Comprehensive Environmental Response, Compensation, and hability Act 
(CERCLA), as amended by the Supehnd Amendments and Reauthorization Act (SARA). 
The DOE, U.S. Environmental Protection Agency (EPA), and State of Utah (State) have 
agreed to perform activities at the MMTS in accordance with a December 1988 Federal 
Facility Agreement (FFA) (DOE 1988b), pursuant to Section 120 of CERCLA/SARA. The 
DOE is the lead agency that provides principal staff and resources to plan and implement 
MMTS activities. Responsibility for oversight of activities performed under the FFA is shared 
by EPA and the State; EPA is the lead agency with ultimate responsibility and authority but 
shares decision-making with the State (DOE 1988b, Section VIII.B). \ 

The MMTS has been divided into three Operable Units: 

i 

e Operable Unit I - Millsite Tailings and Millsite h.operty. OU I consist of tailings 
impoundment areas and the area where the mill operations were conducted. 
Approximately 2.2 million cubic yards of contaminated material will be removed from 
OU I between 1996 and 1998 to a repository being constructed approximately 1 mile to the 
south, and the millsite restored to unrestricted access by 1999. 

0 Operable Unit II - Peripheral Properties. OU II consists of properties peripheral to the 
millsite that are contaminated by windblown or stream deposited tailings or by residual 
radioactive material from ore-buying stations or mill facilities. Contaminated material has 
been removed from peripheral properties since 1992, and an estimated additional 300,000 
cubic yards of contaminated material still require removal and placement in the repository. 

0 Operable Unit III - Surface Water, Ground Water, and Contaminated SoWSediment in 
Montezuma Creek. OU 111 consists of contaminated surface water and ground water at and 
downgradient of the millsite and contaminated soils and sediment deposited downstream of 
OU 11 in and along Montezuma Creek. The RI/FS proposed in this work plan provides the 
remedial project managers with sufficient information to determine if response action is 
necessary to address any unacceptable risks in OU 111, and to evaluate and select a 
preferred response alternative(s). 
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The OU III study area corresponds to the Montezuma Creek valley, extending east from 
U.S. Highway 191 to approximately 0.5 miles downstream of the confluence of Montefllma 
Creek and Vega Creek (Figure 1.0-3); presented at the end of this section. For purposes of 
this study, the upstream porhon of the OU III study area (west of the point at which the . 
canyon narrows) is referred to as Upper Montezuma Cree& the downstream portion of the 
study area (east of the point at which the canyon narrows) is referred to as Lower Montezuma 
Creek. Existing and new data collected downstream of the OU IU study area (near the 
confluence of Montezuma Creek and Verdure Creek) will be used to assess risks posed by 
contaminants which have potentially migrated beyond the study area boundary. In addition, 
background samples will be collected in reference areas located along Verdure Creek and 
along Vega Creek (Figure 1 .0-3). 

As shown in Figure 1.0-3 @resented at the end of this Section), the sediment component of 
OU 111 focuses on the segment of the Montezuma Creek floodplain extending from 
approximately 0.5 miles east of the eastern boundary of the millsite to the downstream 
boundary of OU III. The focused study area for sediment is referred to as the focused study 
area. The western boundary of the focused study area corresponds with the eastern boundary 
of Peripheral property MP-00179. West of the focused study area, sediment contamination 
will be remediated under OU II. 

Previous investigations have been conducted in and around the Monticello millsiteand are 
summarized in Section 2 of the Work Plan. Results of these investigations provide the 
following general findings relative to the OU 111 project: 

e Metals and radiological constituents are present in sediment and soil within the focused 
study area, and radionuclide concentrations exceed acceptable risk-based concentrations 
determined through preliminary site calculations (see Sections 4.5.2 and 4.6.3). 

Analyte concentrations in surface water and ground water within the upper ground-water 
flow system at and downgradient of the millsite exceed preliminary identified Applicable or 
Relevant and Appropriate Requirements (ARARs). Risk-based levels for the analyte 
concentrations have not been finalized. The upper ground-water flow system consists of 
the saturated Quaternary deposits and the upper, weathered portion of underlying bedrock. 
The system is further discussed in Section 3.4.1. 

Contaminated sedimenthoil and surface waterlground-water sources are the primary 
contaminant sources within OU III. The potential media of concern associated with these 
primary contaminant sources include sedimenthoil, surface water, ground water, lbiota, and 
air. A preliminary screening assessment of potential risks associated with each potential 
medium of concern lhas been completed for the ecological and human health risk assessments 
(see Sections 4.5.2 and 4.6.3). The preliminary screening assessment involved computations of 
risk based on existing site information. Screening assessment results indicate that the air 
pathway is not a significant contributor to risk, and therefore, air can be eliminated as a media 
of concern. As a result, the media of concern for the OU ITI WFS include sedimenthoil, 
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Figure 1. G2. Location Map for the Monticello Mill Tailings Site 
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surface water, ground1 water (together referred to as abiotic media), and biota including plants 
and animals. 

Human health and ecological risks will be assessed by comparing on-site concentrations of 
chemicals of potential concern (COPCs) to reference criteria. Reference criteria will include 
promulgated Federal and State standards, risk-based concentrations, background 
concentrations, and other ‘to be considered” criteria. For the human health risk assessment, it 
will be assumed that residential land use will &ly accur within Upper Montezuma Creek but 
not in Lower Montezuma Creek. Risk-based concentrations for known or suspected cancer- 
causing substances (carcinogens) will be compared with the 1 in 10,OOO to 1 in l,OOO,OOO 
(1OE-04 - 10E-06) range for excess cancer risk specified in the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP, 40 Code of Federal Regulation [CFR] Part 300) 
corresponding with an individuals risk of an additional chance of getting cancer. 

A significant amount of abiotic data and associated site charactenza tion data have been 
collected within OU III and the surrounding area over the past several years. Although these 
data were not specifically collected to support risk assessment studies, the data were used 
during the preparation of this Work Plan to complete an initial screen of COPCs. These data 
have allowed DOE to provide more detail than normaUy found in an RUFS Work Plan. The 
additional detail provided in this Work Plan will facilitate completion of the RVFS. 

1.1 Objectives 

Assessment of OU III is complex because of the interaction between the focused study area, 
the surface and ground1 water, and ongoing remedial activities at OU I and OU II. The 
following goals and objectives are based on current understanding of these interactions and 
data uncertainties. 

Four primary goals have been established for the OU III RI/FS. The first goal is to determine 
the ecological and human health risks posed by the sedimentlsoil contaminant source within the 
focused study area. The second goal is to determine the ecological and human health risks 
posed by the surface! and ground water contaminant sources within OU El. The third goal is 
to collect sufficient quality data, as further defined in the data quality objectives sections of 
Section 4.0, to support evaluation of any response action alternatives. 

The following specific objectives lhave been formulated to ensure these goals are accomplished: 

0 Collect the appropriate amount of additional data necessary to assess ecological and human 
health risks associated with applicable exposure scenarios. Preliminary exposure scenarios 
identified for the ecological and human health risk assessments are discussed in 
Sections 4.5.3.1 and 4.6.1, respectively. 
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Refine lists of COPCs for the ecological and human health risk assessments using EPA 
guidelines, including comparison of on-site data to reference area data. CQPCs for the 
ecological and human health risk assessments are discussed in Sections 4.5.3.3 and1 
4.6.4.2, respectively. 

Determine if cumulative COPC concentrations in each medium of concern within the 
focused study area for sediment pose an unacceptable risk to human health or the 
environment. If the risks are unacceptable, determine what concentrations of COPCs 
are acceptable and identify pertinent ARARs. Media of concern for the OU III ecological 
and human health risk assessments are discussed in Sections 4.5.3.1 and1 
4.6.1, respectively. 

Establish millsite cleanup criteria which specify the residual concentrations of COPCs in 
soil remaining at the millsite following remediation that will be protective of human health 
and the environment. The criteria will be established prior to completion of remediation 
under QUs I and II. 

Determine if current @re-dsite remediation) COPC concentrations in surface water and 
ground water at and downgradient of the millsite pose an unacceptable risk to human health 
or the environment. If risks are unacceptable, determine what concentrations of CQPCs 
are acceptable and identify pertinent ARARs. 

Develop a numerical model that adequately represents ground-water conditions, including 
ground-water and surface water interaction within OU III. The adequacy of the model will 
be determined on the basis of applicability to the decision-making process. Use the model 
to support post-millsite remediation temporal fate and transport and exposure-point 
concentrations for the ecological and human health risk assessments. 

Develop response action goals and alternatives and evaluate them in accordance with the 
criteria outlined in the NCP. 

The data quality objective @QO) process was used It0 design RI data collection activities. A 
general discussion of the DQO process is presented in Section 4.1. Application of the DQO 
process for studies designed to support the ecological risk assessment and human health risk 
assessment are discussed in Sections 4.5.4.1 and 4.6.4.1, respectively. 

DOE will communicate preliminary results to the oversight agencies to address site 
characteristics which cannot be foreseen or planned for in the final WFS Work Plan. This 
observational approach will facilitate the DOE “Early Action” Strategy, in conformance with 
the EPA’s Supe- AcceZerated Cleanup ModeZ (SACM) (EPA 1992~) approach, to identify 
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and implement appropriate early risk reduction in support of the final remedy at the site. 
Assessment decisions subsequent to the final Work Plan will be documented in an addendum to 
this Plan and addressed in the RI Report. 

The goal of the final femedy will be to meet ARARs; however, if the requirements of the set 
goal cannot be achieved because of increased environmental damage, technical capability, cost, 
or other mitigating factors, ARAR waivers (alternative concentration levels or supplemental 
standards) and the justification to support them will be prepared. 

1.2 Review sf Work Plan Elements 

This Work Plan is divided into three general parts as described below. 

I. Ba~&pund MOITIU~~QXI - The first three sections provide an overview of the site and 
previous investigation findings. 

Section 1 - Introduction 
Section 2 - Environmental Setting and Site History 
Section 3 - Previous Investigations 

Q Sediment - soil analyses and gamma radiation exposure surveys 
e Hydrologic - groundwater and surface water 
e Ecologic - aquatic biology, vegetation, wetlands, and threatened and 

e Air - radon, particulates, gamma radiation, meteorology, and off-site dose 
endangered species 

modeling 

II. Task Descriptions - Sections 4 , 5  and 6 describe the 13 major tasks that comprise the 
RI/FS. In italics are the corresponding task numbers for the EPA’s list of fifteen standard 
tasks in the Guidance for Conducting Remedial 1nvestigm.ons and Feasibility Studies Under 
CERCLA (EPA, 1988a) 

Section 4 - Remedial Investigation 
e Project Planning (Task I) 
@ Community Relations (Task 2) 
e Baseline Characterization (Task 6) 
e Ecologic Risk Assessment (Task 6) 
8)  Human Health Risk Assessment (Task 6) 
@ Groundwater Modeling (Task 3) 
0 Annual Groundwater and Surface Water Monitoring (Task 3) 
@ Remedial Investigation Report (Task 8) 
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Section 5 - Feasibility Study 
Q Development of Alternatives (Tmk 9) 
8 Initial Screening of Alternatives (Task 9) 
@ Detailed Analysis of Alternatives (Task 10)l 
* Feasibility Study Report (Task 11) 

Section 6 - Proposed Plan/Record of Decision (Tak 12) 

EPA standard tasks 13 (enforcement support) and 14 (miscellaneous support) are not 
applicable to this RVFS. EPA standard tasks 7 (treatability study/pilot testing) and 15 
(expedited response action planning) may be determined to be appropriate during the RVFS 
and will be documented at that time as project directives appending this Work Plan. 

ID. 
plans address project schedule, documentation and control components of the RYFS. 

Schedule, Documentation and Control Components -The remaining sections and 

Section 7 - Project Schedule 
Section 8 - Documentation 

Q AdministrativeRecord 
* Information Repository 

Field Sampling Plan (Task 3) 
Quality Assurance Project Plan f l a k  4) 

1.3 Project Organization 

The relationship between the DOE management team and the Contractor Organization team for 
the OU III RI/FS is presented in Figure 1.3-1. The roles and responsibilities for the members 
of each team are outlined below. 

1.3.1 Roles and RespomibWies for the m E  Management Team 

The DOE-GPO Monticello Projects Coordinator is the DOE formal point of contact for EPA, 
the State, and DOE-HQ on the Monticello Projects. On OU III, the Monticello Project 
Coordinator is supported by an OU 111 Project Manager. 

The Monticello Projects Coordinator is responsible for the conduct of all activities for all 
Monticello projects. Responsibilities include integration of a schedule for all projects, 
oversight of the public relations and the community involvement initiatives, and cost and 
schedule control. "he Coordinator negotiates milestones and submittal dates with EPA and the 
State on behalf of the DOE. The Coordinator communicates routinely with the EPA and State 
Project Coordinators on project progress and issues and represents the DOE at quarterly FFA 
Project Coordinator meetings. 
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The Coordinator also has responsibility to provide formal monthly status reports to EPA and1 
the State as well as to the DOE system. 

The OU III Project Manager is responsible for oversight of all on-going activities and overall 
direction of the Contractor Organization. The Project Manager performs quality assurance 
review of all project deliverables and communicates with EPA and the State on technical issues 
concerning the project. The Project Manager reports directly to the Monticello Project 
Coordinator. 

1.3.a Roles and ResponsibWties for the Contracting Organization Team 

The DOE-GPO Contractor Organization provides the technical resources required to conduct 
all projects under the jurisdiction of DOE-GPO. The Monticello Projects are supported by 
personnel fully dedicated to only those projects so that the project requirements established by 
the DOE are met. 

The Monticello Contractor Program Manager is responsible for implementing a l l  project 
activities as directed by the Monticello Project Coordinator. The Program Manager is also 
responsible for all1 project submittals, DOE basehe budget and schedule management 
requirements, and suppofl to the Public Relations and community involvement initiatives. 
Neither the Program Manager nor any other Contractor personnel have the authority to speak 
for DOE on project direction, schedule, issues, or policy. 

The OU 111 Contractor Project Manager is responsible for oversight and guidance to all the 
project technical leads, coordination of all Contractor activities, and project budget and 
schedule management requirements. The Project Manager is the primary p i n t  of contact for 
direction of technical staff. The Project Manager is also responsible for coordinating scope 
and policy issues with DOE and Program Management. The Project Manager reports to the 
Program Manager. 

Specific day-today activities are performed under the direction of established technical leads. 
Each technical lead serves as the point of contact for all work performed under her/his 
direction. In addition to technical leads, a health and safety coordinator and quality assurance 
coordinator ensure all work is performed in accordance with established procedures and 
guidelines. 
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2.1 Environmental Setting 

The numerous studies discussed in the previous section have provided a vast amount of 
information about the environmental setting in the vicinily of the MMTS. As a result, 
assessment of the environmental setting has been continuously refined over time and the 
discussion presented below was prepared based on information obtained from historical 
investigations and reports as well as from more recent studies. The recent studies include 
work performed in support of the QU III baseline characterization, QU I alternative analysis, 
and OU I conceptual design for the South Site repository. In addition, results of recent , 
geologic mapping efforts were used to complete the geologic and hydrologic 
setting discussions. 

2.1.1 Physiography 

The M M T S  is in the east-central part of the Colorado Plateau physiographic province. The 
site is in the south part of the Canyon Lands section according to the division of the Colorado 
Plateau by Fenneman (Fenneman 1931). The Abajo Mountains, Great Sage Plain, and 
Blanding Basin are the three physiographic subdivisions of the Colorado Plateau of Stokes ' 
(1977) that dominate the landscape in the Monticello area. Approximately five miles west of 
Monticello, the Abajo Mountains rise more than 4,000 ft above the broad, nearly flat, upland 
surface of the Great Sage Plain at about 7,000 ft in elevation. A canyon network of the upper 
part of Montezuma Creek and its tributaries incise the western part of the Great Sage Plain. 
The Montezuma Canyon network becomes more deeply incised as the creek flows to the south 
into the Blanding Basin. 

2.1.2 CImtology 

Climatic conditions of four distinct seasons typical of semiarid, mid-latitude steppes 
characterize the Monticello area. Winter is cold and windy with occasional heavy snows as 
well as short periods of below zero temperatures. Spring is a cool, unsettled, windy transition 
period during which snow can occur as late as May. Spring and early summer (April through 
June) are the driest months of the year. ?;he mild late summer and1 early fall (late July to early 
October) are the wettest periods constituting the Southwest monsoon season. In the following 
sections, temperature and precipitation data for Monticello for the period from 1948 to 1994 
are from the Utah Climate Center (Utah Climate Center 1994). 

The annual average temperature is approximately 46°F. January is the coldest month with 
average high and low temperatures of approximately 35 and 13"F, respectively. July is 
the warmest month with average high and low temperatures of approximately 84°F and 
53"F, respectively. 
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Average annual precipitation for Monticello is approximately 15 inches. During the period for 
records dating back to 1948, annual precipitation has varied from about 6.5 inches to about 
23 inches. Precipitation that occurs as rainfall amounts to an average of about 10 inches 
annually; annual average snowfall is about 60 inches. Measurements by Utah State University 
of annual evapotranspiration (ET) and annual pan evaporation for MonticeUo are 43.84 inches 
and 42.3 inches, respectively (Andrews 1994). 

Intense thunderstorms during which several inches of rain have fallen and floods have occmed 
can be seen in the daily precipitation records for Monticello. The largest amount of daily 
precipitation for Monticello was on August 1, 1968, when 3.38 inches of rain fell. This k g e  
thunderstorm and resultant cloudburst event affected the Monticello-Blanding area. Another 
thunderstorm and associated cloudburst occurred on September 5, 1970, and affected the area 
east and southeast of Monticello. On that date, Monticello received 1.62 inches of rain, but 
20 miles to the southeast, Bug Point received approximately six inches of rain, a daily record 
for the State. This storm greatly affected the Montezuma Creek area, resulting in a 
tremendous peak discharge on the lower part of the creek near Bluff, Utah, of 52,940 cubic ft 
per second measured on September 6,1970. 

h g e  thunderstorms during which at least one inch of rain falls occur in Monticello an 
average of about once each year. Daily rainfalls of two inches or more are less common and 
have occurred on August 1, 1968 (3.38 inches), August 24, 1987 (2.50 inches), December 18, 
1978 (2.40 inches from melted snow), July 31, 1956 (2.09 inches), October 19, 1949 
(2.02 inches), July 20, 1969 (2.02 inches), and August 17, 1955 (2.00 inches). A two-day 
total of 3.11 inches on September 27 and 28, 1962, also is notable. 

October, at the end of the Southwest monsoon season, can be an extremely wet month for 
Monticello. October 1972 was the wettest month in Monticello weather records, when 
7.64 inches of rain fell (4.3 inches from October 15-20). 

Prevailing winds are most commonly from the west-southwest, south-southwest, and 
northwest. Strongest winds are from the south-southwest and northwest and generally reflect 
large-scale, regional air-circulation patterns of daytime winds. Night winds are commonly 
from the west-southwest and reflect eastward drainage of cool air from the Abajo Mountains. 
Some of this nighttime flow is channelized and follows the valley of Montezuma Creek. 

2.1.3 Geologic Setting 

The region surrounding the MMTS is underlain by a thick sequence of Paleozoic and Mesozoic 
sedimentary rocks that mainly dip less than ten degrees to the east. These rocks rest on 
Precambrian crystalline basement that consists of metasedimentary and metaigneous rocks. 
Tertiary sedimentary rocks are not present in this area; they either were not deposited or were 
removed by erosion during middle and late Tertiary regional uplift of the Colorado Plateau. 
The Abajo Mountains, that rise about five miles west of Monticello, are the result of a cluster 
of laccoliths, of inainly granodiorite composition, that intruded the sedimentary rocks during 
Oligocene time. Unconsolidated deposits of mainly Quaternary age, consisting of pediment 
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gravel, loess, terrace gravel, and alluvium, cover much of the Mesozoic sedimentary rocks 
between the Abajo Mountains and Montezuma Canyon. 

A map of the geologic units exposed in the MMTS area is shown on Plate 2- 1. Geologic 
features along Montezuma Creek are generalized mainly from Huff and Lesure (Huff and 
Lesure 1965). These features do not reflect the results of detailed geologic mapping conducted 
by Rust in 1993 and 1994 in several areas between U.S. Highway 191 and the confluence of 
Vega and Montezuma Creeks. A refined geologic map is currently being developed on the 
recent geologic mapping and will be presented in the RI report. 

Exposed rocks in the MMTS area dip gently (less than 2 degrees) to the east-northeast toward 
the axis of the subtle structure of the Monticello syncline. The synclinal axis strikes west- 
northwest, plunges eastward at a low angle, and is just north of the MMTS about one mile 
north of Montezuma Creek. The closest significant geologic structure to the M M T S  is the 
Verdure graben about 4 to 5 miles to the south. Faults that define the graben and several en 
echelon normal faults just north of the graben strike eastward (Huff and Lesure 1965). 

The Montezuma Creek valley above the confluence with Vega Creek was cut mainly during 
Quaternary time. West of U.S. Highway 191, the Montezuma Creek valley is cut into Mancos 
Shale of Late Cretaceous age. East of the highway, the valley cuts g r a d d y  into older rocks 
of the Dakota Sandstone of Late Cretaceous age and the Bwro Canyon Formation of Early 
Cretaceous age. Approximately 0.5 miles upstream from the confluence of Vega Creek, @ Montezuma Creek begins cutting into the soft mudstones and shales of the Brushy Basin 
Member of the Morrison Formation of Late Jurassic age. Approximately one mile below the 
confluence of Vega Creek, Montezuma Creek begins cutting through more resistant sandstones 
of the Salt Wash Member of the Morrison Formation as shown in geologic mapping by Huff 
and Lesure (Huff and Lesure 1965). 

Bedrock formations and unconsolidated surfickd deposits described in this section are those 
units that are directly relevant to the characterization of ground-water and surfacewater 
contamination. A generalized stratigraphic section and thichess of these sedimentary bedrock 
units exposed in the MMTS and adjacent areas are shown in Figure 2.1-1. Bedrock 
formations mentioned above, from oldest to youngest, the overlying surficial deposits of 
mainly Quaternary age, and structural geology are described below. Regional geology and 
geology specific to the millsite and the Near and Far South Sites are described in more detail 
in the Moruicello Remedial Action Project, Surjihce Geologic Characterization of the Near and 
Far South Sites (Goodknight and Werle 1990) and in the RI/FS-EA (DOE 1990b). 

2.1.3.1 salt Wash Member of the h'h=rison Formation 

The Morrison Formation in this area is composed of two members, the Salt Wash and the 
overlying Brushy Basin. The Salt Wash Member is composed of lenticular beds of light- 
colored, fine-grained sandstone interbedded with red mudstone layers. The sandstone was 0 deposited as stream channels and makes up about 60 percent of the member. The mudstone 
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Figure 2.1-1. Generalized Stran-graphy and Thickness of Sedimentary Rocks Exposed in 
MMTS and Aaacent Areas 
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was deposited in a floodplain environment. Individual sandstone lenses are commonly 20- to 
6eft thick. Together, these rock types crop out as a steplike series of mudstone slopes and 
sandstone cliffs. The Salt Wash Member in the millsite area is approximately 5Wft thick. 
The gradient of Montezuma Creek steepens to approximately 3 0  ft per mile as it cuts through 
the Salt Wash Member; just upstream where the creek cuts through shales of the Brushy Basin 
Member of the Morrison Formation, the merit is only about 150 ft per mile. 

Uranium and vanadium deposits occur in sandstone, which represents streamchannel deposits 
in many locations where this rock type crops out south of OU III in Montemma Canyon. 
These deposits are generally associated with carbonaceous material and also Contain enriched 
concentrations of elements such as lead, molybdenum, selenium, cobalt, zinc, arsenic, nickel, 
and silver (Huff and Lesure 1965). Excluding the samples from the uranium/vanadium 
deposits in the Salt Wash Member, analysis of the content of uranium, vanadium, and several 
heavy metals (copper, lead, and zinc) from samples from the Salt Wash Member and younger 
formations (as young as Mancos Shale) indicates no significant difference in concentrations 
between the various formations (Huff and Lesure 1965). 

2.1.3.2 B m h y  b i n  Member of the MORT~SQII Formation 

The Brushy Basin Member of the Morrison Formation consists of Variegated gray, pale-green, 
red-brown, or purple bentonitic mudstone and claystone beds and minor, thin lenticular 
sandstone beds. Claystones and mudstones were deposited in a floodplain environment and the 
sandstones represent streams meandering over this plain. Exposures of this member are 
uncommon but do occur along lower Montemma Creek downstream from approximately 
0.5 miles above the confluence with Vega Creek (Plate 2-1). The nonresistant Brushy Basin 
rocks generally are covered by their own debris or by rock slides and colluvium from the 
resistant sandstone of the overlying Burro Canyon Formation. The Brushy Basin Member is 
approximately 3Wft thick in the millsite area. 

2.L3.3 Burro Canyon Formation 

The Burro Canyon Formation unconformably overlies the Brushy Basin Member and forms a 
conspicuous and prominent cliff of sandstone that constitutes at least 90 percent of the 
formation in this area. The sandstone is white to light tan and is mainly fine to medium 
grained with minor beds of pebble conglomerate. Sandstone and conglomerate were deposited 
in a continental fluvial setting, and crossbedded units that are coarse-grained at the base and 
become finer grained upward are common. In some places, light-green silty mudstone occurs 
at or near the top of the formation. The mudstone, which may be silicified, represents over- 
bank deposits in interfluve areas. Silicification in the upper part of the formation occurred in 
both mudstone and sandstone in some places below the erosional unconformity that marks the 
contact With the overlying Dakota Sandstone. The thickness of the Burro Canyon Formation 
in the millsite area is approximately 115 ft based on one drill hole just east of the millsite and 
one drill hole in the Far South Site. Investigations by Craig (Craig 1982) show that the 
thickness of the formation in the Monticello area is variable and may reach up to 150-ft thick 
east of the millsite in upper Montezuma Creek. 
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2.1.3.4 Dakota Sandstone 
c 

The Dakota Sandstone comprises a variety of rock types, including conglomerate, sandstone, 
siltstone, mudstonelclaystone, carbonaceous shale, and coal. In the millsite area, the 

formation can be divided generally into three parts, as descriied by Huff and Lesure 
(Huff and Lesure 1965): a basal sandstone unit, a middle carbonaceous Unit, and an upper 
sandstone unit. 

The Dakota Sandstone unconformably overlies the Burro Canyon Formation. The basal 
sandstone unit locally contains conglomerates that occur in channels cut into the underlymg 
B u m  Canyon Formation. Channels may be as deep as 30 ft, but conglbmerates are usually 
less than left thick and quickly pinch out in short distance laterally (Huff and Lesure, 1965). 
This lower unit is fluvial in origin and its thick, crossbedded channel sandstones are the most 
resistant and contain the best exposures in the formation. "he lower sandstones have a high 
content of iron, which occurs as ferruginous concretions and as a coating of hydrous iron 
oxides on sand grains. Carbonaceous material sporadically OCCUTS in the lower sandstone unit, 
but it is most common in the middle unit where all varieties and gradations occur between 
carbonaceous siltstone, carbonaceous shale, and coal. The middle unit is poorly exposed and 
represents a paludal or backwater/swamp environment. One or more impure bituminous coal 
beds up to 2-ft thick occur in the middle unit; these coal layers commonly contain sulfur along 
joint surfaces and contain several times the amount of radioactivity of the adjacent sandstones 
and siltstones. 

The upper sandstone unit consists of fine- to very fine-grained sandstone and siltstone that 
represent littoral or offshore marine deposits of the transgressing Cretaceous Western Interior 
Seaway. These deposits grade upward into dark marine shales of the Mancos Shale; the top of 
the Dakota is the top of the uppermost fine-grained (bioturbated) sandstone bed. 

The thickness of Dakota Sandstone in the millsite area varies from 70 to about 105 ft. This 
variation in thickness is because of variability in the thickness of fluvial sandstone sequences in 
the lower unit of the formation. 

2.1.3.5 Mancos Shale 

Remnants of Mancos Shale up to 200-ft thick OCCUT below a cover of pediment gravels on 
gently sloping hillsides in the millsite area. The eastward extent of preserved Mancos Shale is 
approximately two miles east of US. Highway 191; west of that pint, the thickness of 
Mancos Shale increases below the pediment gravel fan material. Exposures of the shale are 
poor and uncommon. This absence of exposed shale is because colluvium composed either of 
pediment material that has slid down or of weathered material of the Mancos itself has covered 
the shale. 

The lower Mancos consists of gray to olive-gray calcareous shale, minor thin beds of gray 
calcareous siltstone, and several thin beds of white bentonite. The calcareous siltstones are 
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slightly more resistant and are the best exposed of the formation; the nonresistant bentonite 
beds are not exposed but are present in the subsurface. Inoceramus sp. and Gryphaeu 
newbenyi fossils are common in the lower 30 ft of the formation. 

2.1.3.6 U I U C O R D S O ~ ~ & ~ ~  Sufiacial B)epsits 

Pediment gravels, shed as alluvial fans from the Abajo Mountains during Quaternary and 
possibly as early as Pliocene time, form a cap over the Mancos Shale on the upland surfaces of 
the millsite area. This pediment material thins eastward and extends only to about two miles 
east of U.S. Highway 191. The pediment gravel consists of boulders as large as three feet in 
diameter and includes mainly cobble- and pebble-sized material. This material of various sizes 
consists of granodiorite porphyry, sandstone, silicified sandstone, and hornfels set in a her-  
grained matrix of sand, silt, and clay. Several layers of reddish-brown loess occur in the 
pediment material and represent paleosol horizons. The loess iayers are composed mainly of 
silt-sized windblown particles and each layer may be up to 8-ft thick. The pediment gravel 
and included loess layers may reach up to 1Wft thick in the center of the upland areas and 
along the west part of the millsite area near U.S. Highway 191. 

A layer of loess up to IO-ft thick blankets much of the upland pediment surfaces north and 
south of the Montezuma Creek valley. Loess also covers much of the upland surfaces on 
bedrock east of the extent of the pediment fan material. The loess cover is thickest on the 
north side of gently sloping valley sides and is absent fiom south-facing slopes. This is a 
reflection of the origin of the loess from south winds that deposited thicker material in lee 
locations on the north sides of ridges. 

Alluvial deposits along the Montezuma Creek valley consist of Quaternary deposits (alluvium) 
along the present course of the creek and terrace material at several levels along the sides of 
the valley that reflect former episodes of downcutting during the formation of the valley. 
Alluvial deposits along the creek are generally less than 20-ft thick, but locally occur in excess 
of 30-ft thick. The deposits consist of gravel, sand, silt, and minor clay. The terrace material 
is similar in size and composition to the pediment gravel. 

2.1.3.7 StructuraP Geology 

No evidence of faults has been seen on the surface or in the subsurface of the M M T S  area. 
Systematic (regular in their arrangement) jointing is commonly seen in outcrops of Mancos 
Shale, Dakota Sandstone, and Burro Canyon Formation in the MMTS and nearby areas. 
Vertical, widely spaced joints are well exposed in the thick sandstone of the Burro Canyon in 
which the principal joint trend is east in the Montezuma Creek canyon area several miles 
southeast of the MMTS. Closer to the site, about one mile downstream from the millsite, the 
principal joint trend in the Burro Canyon Formation is east-northeast and vertical. A 
secondary, subsidiary vertical joint system at a 90-degree angle (orthogonal) to the principal 
joint trend is also present. No evidence for displacement has been seen along any of the - 
surfaces of these systematic joints. 
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Fractures occur in the subsurface in the Mancos Shale, Dakota Sandstone, and Burro Canyon 
Formation. Fracturing exposed in the core from boreholes in the millsite area and the Near 
and Far South Sites is most common in the uppermost 20 to 30 feet of bedrock encountered. 
Fracturing occurs at greater depths, but it is infi-equent. Most fractures seen in the core are 
subvertical and were either healed (filled) by secondary mineralization (mainly calcite and 
minor gypsum) or were discontinuous. Fractures oriented 30 to 45 degrees to vertical occur 
uncommonly; these fractures usually contain slickensides, are closed tight, and are healed by 
secondary mineralization. Where the Mancos Shale is the first bedrock encountered, 
horizontal fracturing along bedding planes is common, particularly in the zone of weathered 
Mancos Shale. 

Four angled coreholes were drilled at 30 degrees' from vertical in 1991 in the Far South Site to 
investigate the subvertical fracturing in the shallow bedrock of the Mancos Shale and upper 
25 feet of the Dakota Sandstone. A conclusion from this drilling (Golder Associates, Inc. 
1991) was that the fracturing in the lower Mancos Shale slightly increased the vertical 
permeability and hydraulic conductivity of the shale, although it sti l l  was classified as an 
aquitard. 

2.1.4 Hydrologic Setting 

This section summarizes the surface-water and ground-water hydrology at the MMTS and 
vicinity. The information presented is an interpretation of hydrologic data collected to date. 
Some supporting quantitative data are also presented. Section 4.7.3, Conceptual Model, 
discusses the interpreted behavior of the entire hydrologic system with specific regards to 
qualitative flow paths and magnitude. 

The primary hydrogeologic units present in the study area include, from youngest to oldest, an 
upper ground-water flow system consisting mostly of Quaternary age alluvium and colluvium, 
an aquitard formed by the variably saturated, low-permeability Mancos Shale and Dakota 
Sandstone of Cretaceous age, and the Burro Canyon aquifer, also of Cretaceous age. 
Underlying the Bum Canyon aquifer is the Jurassic age Brushy Basin member of the Morrison 
Formation, which is considered relatively impermeable to ground-water flow. 

Surface water at the Site is present in the perennial Montezuma Creek and in seeps and ponds. 
The locations of monitoring wells and surface-water sampling sites are shown on 
Plate 2-2. 

2.1.4.1 Upper Ground-Water Flow System 

The upper ground-water flow system, also referred to as the "alluvial aquifer," consists mostly 
of saturated Quaternary deposits and the upper, weathered portions of underlying bedrock. 
Some hillslope colluvium and fill from previous millsite activities are presumed to make up 
minor portions of the upper flow system. At the MMTS, the Quaternary deposits are typically 
thickest in the central portion of the valley formed by Montezuma Creek and generally much 
thinner to nonexistent along the valley margins (if mill tailings are included, some of which 
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are saturated and within the upper flow system, thicknesses reach as much as 60 ft). Saturated 
thicknesses of the upper flow system range from approximately 2 to 25 ft, but generally are 
less than 15 ft. 

The kturated Quaternary deposits are the primary conduits for ground-water flow within the 
upper flow system. A lesser component of ground-water flow in this system is expected to 
occur in the upper, weathered portion of bedrock, colluvium, and fill that underlies or 
coalesces with the Quaternary deposits at the flanks of upper Montezuma Canyon. Pumping 
tests conducted at wells 88-89 and 88-90, completed in the upper flow system, included the 
use of three observation wells each and resulted in best estimates of transmissivity of 
approximately 400 and 4,800 square feet per day (f&ay) (4.3 and 51.6 square centimeters 
per second'[cm2/s]), respectively. However, the larger transmissivity d u e  is not considered 
representative of the upper flow system because the test is believed to have been influenced by 
recharge from Montezuma Creek. An estimated hydraulic conductivity, on the basis of the 
aquifer thickness at well 88-89 is 42 feet per day (Wday), (1.5 x lo2 c d s )  (DOE 1993b). 

Previous slug testing was conducted in the millsite area in 1983, 1993, and 1994. Results 
obtained during the 1983 tests were identified as questionable because of the equipment and 
analytical method used. The 1993 tests were conducted in five upper flow-system wells 
(92-01, 92-07, 92-08, 92-09, and 92-1 1) upgradient and downgradient of the millsite; 
estimated hydraulic conductivities ranged from approximately 7.4 x 104 to 1.0 x cm/s. 
As discussed in Section 3.0, 46 slug tests were conducted upgradient, on, and downgradient of 
the millsite during the summer of 1994. The range of the estimated hydraulic conductivity 
values for the 46 tests were 5.2 x lo-' to 1.5 x lo-' cm/s, and the geometric mean was 
1.7 x IO3 cm/s. 

The lateral hydraulic gradient in the upper flow system ranges from 0.01 to 0.04 in the central 
portion of upper Montezuma Creek and from 0.08 to 0.10 along the valley margins. On the 
basis of constructed upper flow system ground-water elevation contour maps, ground-water 
flow is eastward in the upper flow system, parallel to the axis of upper Montezuma Creek. 
However, along the north and south margins of the valley, flow directions are more southward 
and northward, respectively, toward the valley's center (DOE 1994b and 1994b). 

The primary sources of recharge to the upper flow system are infiltration of precipitation and 
surface water and lateral flow from upgradient sources. On the basis of ground-water 
modeling and environmental isotope measurements collected approximately one mile due south 
of the millsite, surficial recharges to the upper flow system are estimated to be approximately 
1 x to 1 x 109cm/s (DOE 1994a). Well hydrographs indicate that some wells, 
particularly those located in areas where alluvium is thin, show occasional sporadic water-level 
fluctuations, probably because of relatively rapid recharge following a recent precipitation 
event. Upgradient sources of recharge include ground-water flow from alluvium and 
colluvium that mantles the North and South Creek watersheds on the east side of the Abajo 
Mountains west of the site. Most of the flow in the alluvial material in lower South Creek is 
regulated by flow or leakage from Monticello Reservoir (Loyd's Lake) (see Section 2.4.4). 
Secondary contributions of recharge are from lateral bedrock and colluvium sources on the 
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flanks of upper Montezuma Canyon. These sources include an undetermined amount of 
ground-water flow, and intermittent and perennial flow from seeps, springs and storm runoff. 

Ground-water elevation contour maps (DOE 1994b) indicate that upper Montezuma Creek is a 
discharge area for shallow ground water in the area. Stream flow measurements indicate that 
discharge from the upper flow system occurs on various reaches of Montezuma Creek on the 
millsite and downgradient from the millsite. 

Water levels in the alluvial aquifer fluctuate seasonally from low base-flow periods in the fall, 
to high-flow periods in the spring because of the effects of snowmelt runoff and in early winter 
from low-intensity , longduration precipitation events. 

Ground-water quality associated with the upper flow system is discussed in detail in the 
Baseline Characterization Data Summary (DOE 1994b) and1 summarized in Section 4.4 of this 
Work Plan. 

2.1.4.2 Mancas Shale and Dakota Sandstone A q l u k d  

A bedrock-elevation contour map constructed using lithologic information obtained from 
boreholes drilled in the vicinity of the MMTS is presented in Plate 2-3. Comparison of 
bedrock elevation contour to surface contours indicates that bedrock topography tends to 
reflect surface topography. Also, the bedrock-elevation contour map indicates that bedrock 
elevations are generally lowest in the central portion of upper Montezuma Creek, where the 
thickness of Quaternary deposits is typically greatest. 

The lower Mancos Shale outcrops along the flanks of the Montezuma Creek valley directly 
north and south of the millsite and forms bedrock west of and in the extreme northwest and 
southwest portions of the millsite. Mancos Shale occurs as outcrop in or near Montezuma 
Creek near Highway 191, west of the millsite. Subcrop Mancos Shale in these areas ranges 
from 0- to 30-ft thick, with the thickest areas generally located near the valley flanks. The 
Dakota Sandstone has one surface exposure on the millsite in the realigned portion 
(see Section 2.4.4) of Montezuma Creek south of the east tailings pile, and outcrops in upper 
Montezuma Creek about 0.5 mile east of the millsite. The Dakota Sandstone forms most of 
the bedrock east of and within the millsite in upper Montezuma Creek. On and in the vicinity 
of the MMTS, the Dakota Sandstone generally thins from the west, where it is approximately 
1054 thick, to the east, where it is nonexistent (approximately 0.8 miles east of the millsite 
boundary). 

The Mancos Shale and upper and middle Dakota Sandstone are believed to act as an aquitard 
between the overlying upper flow system and underlying Burro Canyon aquifer at the millsite. 
The aquitard restricts flow between these primary flow systems. Data that s u p r t  this 
hypothesis include poor to no yield from wells constructed in the lower Mancos Shale 
(200-3 at the millsite and 191, 192, 1974, and 206-3 south of the millsite) and in the lower 
Dakota Sandstone (92-12, 92-13, 198-1, and 200-2 at the millsite and 197-3 south of the 
millsite). Other portions of the Mancos Shale and Dakota Sandstone have, at least locally, 
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indicated the presence of significant ground water. For example, wells 206-2 and 104-3 0 (located south of the millsite) constructed in the intehedded coal and carbonaceous siltstone of 
the middle Dakota Sandstone, have shown confined ground-water conditions. In addition, the 
extreme lower 2 to 15 ft sections of the lower Dakota Sandstone have been described as wet in 
several drill hole logs and as saturated at some hations (wells 198-2,20-2, and 197-3) 
(DOE 1994a, 1994b). In addition, wells 202-2,203-2, and 204-2, all completed in fractured 
mid- to lower-Mancos Shale just below shallow weathered subcrop, on the north boundary of 
the millsite, have yielded ground water readily during well development and sampling periods. 

Packer tests conducted in the Mancos Shale on the millsite (coreholes 201-1,202-1, and 
203-1) showed a range in estimated hydraulic conductivity from 9.5 x 10-” to 5.4 x 10” cm/s. 
The larger estimates of hydraulic conductivity wek  associated with fractured shale zones that 
generally occur in or just below the upper weathered portion of the shale but also may occur in 
isolated zones at depth. Packer tests performed in the Dakota Sandstone (corehole 204-1) on 
the millsite yielded a range in the estimated hydraulic conductivity from 1.0 x 
2.1 x 
and Dakota Sandstone is approximately 4 x lU7 cm/s (Harding Lawson Associates W A ]  
1993). In addition, at and’ south of the millsite ground1 water analyzed for carbon-14 and 
tritium in the lower Dakota Sandstone has shown apparent ages of 22,000 to 29,000 years, 
whereas the underlying Burro Canyon aquifer ground water has been dated at approximately 
3,800 to 5,000 years (DOE 1992a, 1994b). The difference in apparent ages between the 
Dakota Sandstone and Burro Canyon ground water suggest little-to-no hydraulic 
communication between these hydrogeologic units. 

to 
cm/s. The geometric mean of the hydraulic conductivity for both the Mancos Shale 

Flow, however small, in the Mancos Shale and Dakota Sandstone is predominately vertical, as 
indicated by the calculated vertical gradient between well sites 200-2 and 200-3. The 
calculated vertical gradient is 0.95 or nearly a unit gradient and implies gravity flow 
(downward vertical flow). Other vertical gradients calculated between wells completed in the 
upper flow system (31SW91-36 and 198-2) and wells completed in the upper Dakota and 
lower Dakota Sandstone (199-1 and 198-1, respectively) show values of 0.91 and 1.00, 
respectively (DOE 1994a). Some preferential flow probably occurs in fractures, fractured 
zones, and/or more conductive layers such as clean sandstones and coal seams. 

Because of the overall low permeability of the Mancos Shale and Dakota Sandstone, ground- 
water flow in these units is considered minimal. Some recharge to the Mancos Shale and 
Dakota Sandstone probably occurs as leakage from the upper flow system, and/or from 
Montezuma Creek in areas where bedrock forms the creek bottom. Similarly, discharge from 
the Mancos Shale and Dakota Sandstone probably occurs as negligible leakage to Montezuma 
Creek and the Burro Canyon aquifer in places. A clear relationship between Montezuma 
Creek flows and Mancos Shale and Dakota Sandstone ground-water levels are not apparent 
because stream gains and losses are not consistent over the reach where these units’ subcrop. 
In most instances, the upper flow system acts as an intermediate flow regime between surface 
water and1 the Mancos Shale and Dakota Sandstone. 
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During the baseline characterization project, ground water could not be collected from Dakota 
wells upgradient and downgradient from the millsite because of a poor yield.. Since that 
characterization took place, two Dakota wells (wells 92-12 and 92-13) have been sampled for 
chemical analysis. During the 1993 Alternatives Analysis Project, ground-water samples were 
collected from Mancos Shale wells 202-2,203-2,204-2, and 200-3 and Dakota well 200-2 
located on the millsite. Mancos Shale ground water is generally of the calcium-sulfate type 
and Dakota ground water is generally of the sodium plus potassium-bicarbonate type. 

The results of metals analyses generally showed less than the EPA's contract laboratory 
program (CLP) contract required detection limits (CRDL) in the Mancos Shale ground water 
with low but detectable concentrations of arsenic, copper, cadmium, lead, and zinc in Dakota 
Sandstone ground water. Vanadium concentrations in the Mancos Shale were less than the 
CRDL with the exception of wells 200-3 and 202-2, which had concentrations of 
approximately 14 and 196 micrograms per Bter (pg/L), respectively. Dakota wells 92-12 and 
92-13 had1 vanadium concentrations of less than the CRDL and approximately 36 pg/L, 
respectively. Radiological analyses of Mancos Shale ground water generally showed Ra-226 
and Ra-228 concentrations less than the laboratory reporting limits (LRL), and uranium 
concentrations less than 35 pg/L (except at 202-2, where the uranium concentration measured 
1,290 pglL). Radiological analysis samples collected for the baseline characterization 
generally showed that gross alpha, gross beta, Pb-210, Po-210, Ra-226, Ra-228, Th-230, 
and U-235 were not detected at or above LRLs for Dakota Sandstone ground water; relatively 
low concentrations of uranium, U-234, U-238, and Rn-222 were detected (DOE 1994b). 

2.1.4.3 B u m  Canyon Aquifer 

The Burro Canyon aquifer is the main source of potable ground water in Ithe region. The town 
of Monticello uses Burro Canyon well water for irrigation purposes, and during drought, as a 
source of potable water. The Burro Canyon aquifer also is tapped by several private wells in 
the area. Limited research indicates that many of the private wells are generally old (over 
10 years and up to 40 years old), and have not been used for many years. Some wells, 
however, have been used within the last 10 years during periods of drought for domestic, 
imgation and stock water supplies. 

The Burro Canyon Formation outcrops approximately one mile east of the millsite in upper 
Montezuma Creek. Approximately 4,oOefi east of the millsite, the Dakota Sandstone has 
been eroded away and the upper ground-water flow system is in direct contact with the Burro 
Canyon Formation. The thickness of the Burro Canyon Formation is 114 ft at well 83-70, the 
only drillhole that has fully penetrated the Burro Canyon Formation on and in the vicinity of 
the MMTS. Well 83-70 is located approximately 600-ft east of the millsite. There, the upper 
67 fi of the Burro Canyon Formation comprises fractured, generally poorly cemented 
sandstone. At the base of this sandstone is an 8-ft thick layer of interbedded clay (shale) and 
sandstone that in turns overlies a lower, 3 9 4  thick subunit of predominantly conglomeratic 
sandstone. Below the conglomeratic sandstone, the mudstones and shales of the Brushy Basin 
Member of the Momson Formation restrict the downward migration of water. 
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The results of hydrogeologic investigations at and south of the millsite have found (1) an 
apparent weak hydraulic connection exists between the lower Dakota Sandstone and Burro 
Canyon Formation, thereby separating these strata into different hydrostratigraphic units; 
(2) using a strict definition of a confined aquifer as an aquifer that exhibits a piezometric head 
above the formation's upper contact, the Burro Canyon aquifer is unconfined west (upmen t )  
of the millsite, generally confined on the millsite, and semiconfined to unconfined 
downgradient of the millsite; (3) water levels between the lower Dakota Sandstone and B u m  
Canyon Aquifer are generally within a few feet of each other, but vary on which level is 
higher; and (4) the presence of a distinct confining bed is not obvious, indicating that low 
permeability sandstones of the lower Dakota Sandstone confines the Burro Canyon aquifer 
in places. 

92-02 

92-04 

Potentiometric head in the Burro Canyon aquifer varies fnrm approximately 70 ft below to 
30 ft  above the formation's upper contact (see Table 2.1-1). Upgradient Bum Canyon wells 
92-02 and 92-04 exhibit unconfined conditions. Wells 92-06 (west of Highway 191), 104-5 
and 197-2 (south of the millsite), 200-1 and 93-01 (southwest portion of the millsite), and 205 
(northwest of the millsite), exhibit confined conditions. An accurate delineation between 
upgradient unconfined conditions, millsite confined conditions, and semi- or unconfined 
downgradient conditions have not been determined because of the limited number of wells 
completed in this formation. I 

Table 2.1-1. MMTS Area Burro Canyon Water Levels Relative to Top 
of Burro Canyon Formation. 

-68 

-50 

Water-Level Position 
Recorded February 1994 Well Identification 

I 

I 

I 

92-06 11 

92-10 7 

104-5 6 
197-2 30 
200- 1 10 

205 18 

93-01 6 

At the site of the single Burro Canyon well downgradient of the millsite, well 92-10, the 
BUKO Canyon Formation directly underlies alluvium. Water levels in well 92-10 are 
approximately 2 to 7 ft  above the contact between the alluvium and weathered Burro Canyon 
Formation indicating confined conditions, yet, levels are also approximately 2 ft below alluvial 
water levels in adjacent well 92-09. Well 92-10 is the only Burro Canyon monitoring well in 
the study area that exhibits strong seasonal water-level fluctuations, which indicate hydraulic 
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connection to the overlying alluvial sediments. On the basis of this information, the Burro 
Canyon aquifer at this location is interpreted as semiconfined. 

In cases where the piezometric head in the Burro Canyon aquifer lies above the Burro Canyon 
Formation contact, the presence of a confining bed is not obvious. South of the millsite some 
borings have intercepted a thin (1- to 3-ft thick) siltstone as the uppermost stratum in the Burro 
Canyon Formation. Where present, this siltstone may act as a confining unit. At and south of 
the millsite, the uppermost Burro Canyon has been descriied in places as silty or as a very 
fine-grained sandstone. However, a distinct lithologic confining unit between the Dakota 
Sandstone and Burro Canyon Formation is generally absent. In all locations, the lower Dakota 
Sandstone is of relatively low permeability compared to that of the Burro Canyon Formation. 
This low permeability is exhibited by low well yields and results of laboratory vertical 
conductivity tests of the core. Laboratory testing of the core has shown that the lower Dakota 
Sandstone exhibits permeabilities as much as five orders of magnitude less than that of upper 
Burro Canyon aquifer material (lower Dakota Sandstone in the range of lo9 cm/s versus upper 
Burro Canyon Formation in the range of ius to 104 cm/s [Advanced Terra Testing 19921). 
This information suggests that well to moderately cemented sandstones of the lower Dakota 
Sandstone form the confining unit above the Burro Canyon aquifer. 

The hydraulic characteristics of the Burro Canyon aquifer have been estimated from published 
literature of hydraulic tests as well as from tests conducted on the millsite as part of the 
MRAP. Avery reported values of 'hydraulic conductivity of 0.77 and 0.35 Wday 
(2.7 x 10' to 1.2 x 10' cm/s, respectively) from pumping tests conducted1 in millsite-area AEC 
wells completed in the Dakota Sandstone and Burro Canyon Formation (Avery 1986). 
Associated storage coefficients were 1.4 x ius and 1.0 x lo-', indicating confined conditions. 
Freethey and Cordy reported transmissivity values between 70 and 150 ff/day (6.5 x Id and 
1.4 x I d  square centimeters per day Ecm*/day], respectively) for the DakotdBurro Canyon 
aquifer in the Monticello, Utah, area (Freethey and Cordy 1991). These authors also showed 
that the hydraulic conductivities for the DakotdBurro Canyon aquifer had a narrow 95-percent 
confidence interval of approximately 0.18 to 0.5 Wday (6.4 x 10-5 to 1.8 x 10' cm/s,' 
respectively) for 60 laboratory analyses collected from outcrop and core in the study area of 
the upper Colorado River Basin in Wyoming, Colorado, Utah, Arizona, and New Mexico. 

Pumping tests in the Burro Canyon Formation on the millsite were conducted in 1983 and 
1984 using pumping well 83-70 and observation wells 83-71, 84-74, and1 84-75. The results 
of the tests showed a range in transmissivity between 188 to 296 ff/day (1.7 x Id to 2.7 x 
Id cm2/day, respectively), and a range in storativity between 3.9 x 10' to 0.015 (values 
indicate both confined and unconfined conditions, depending upon observation-well location) 
(DOE 1993d). Using an approximated saturated thickness of 100 ft for the Burro Canyon 
aquifer, the hydraulic conductivity is estimated to range between 1.88 to 2.96 ftJday 
(6.6 x 10-4 to 1.0 x 
(92-02, 92-04, 92-06, and 92-10), upgradient and downgradient of the millsite, resulted in 
estimared hydraulic conductivities ranging from approximately 0.85 to 2.6 Wday (3.0 x 104 to 
9.3 x la4 cm/s, respectively). 

cmls). Slug tests conducted in 1993 in four BUKO Canyon wells 



@ Vertical hydraulic conductivity laboratory analyses conducted on eight core samples collected 
as part of the 1992 baseline characterization showed Burro Canyon values ranged from 
8.1 x 10-l' to 7.1 x lo4 c d s ,  with an average of approximately 1.2 x lo-' c d s .  Porosity 
values ranged between approximately 15 and 24 percent, with an average of 18.5 percent 
(Advanced Terra Testing 1992). 

Ground water in the Burro Canyon aquifer flows east in the vicinity of the millsite. Horizontal 
hydraulic gradients in the Burro Canyon aquifer are approximately 0.004,0.006, and 0.01 for 
area's upgradient, on, and downgradient of the millsite, respectively (DOE 1994a). 

The primary recharge zone for the Burro Canyon aquifer is in outcrop areas along the east 
margin of the Abajo Mountains. Regionally, discharge from the aquifer occurs across the 
Sage Plain (the broad, relatively flat region east of Monticello) in areas where canyons dissect 
the Burro Canyon Formation. Locally, the primary discharge paths from the aquifer OCCUT by 
way of leakage into overlying alluvium and Montezuma Creek in the area upstream from the 
Vega Creek confluence, and by high evapotranspiration of ground water in areas where the 
Burro Canyon Formation forms cliff outcrops along the margin of Montezuma Canyon below 
the Vega Creek confluence. In the Monticello area, a secondary means of discharge of the 
Burro Canyon aquifer may occur by way of pumping withdrawals. The town of Monticello 
occasionally (in times of drought or otherwise high water demand) uses Burro Canyon aquifer 
ground water to irrigate public parks and school grounds. 

Ground-water quality associated with the Burro Canyon aquifer is discussed in detail in the 
Baseline Characterization Data Summary (DOE 1994b) and summarized in Section 4.4 of this 
Work Plan. 

2.1.4.4 Surface Water 

The east flank of the Abajo Mountains is drained by two principal watersheds, North Creek 
and South Creek. These two streams, along with an unnamed tributary to the south that is 
generally dry, join west of U.S. Highway 191 to form Montezuma Creek. Other smaller 
creeks also drain the east slope of the Abajo Mountains, but they circumvent the tailings' area 
and join Montezuma Creek downstream of the millsite. In 1985, Monticello Reservoir 
(Loyd's Lake) was constructed on South Creek, approximately one mile upstream from 
the millsite. 

The original Montezuma Creek stream channel was modified during the construction of the 
U.S. Highway 191 embankment that crosses Montezuma Creek just west of the MMTS. In 
addition, the channel was significantly altered by activities related to the milling process and 
subsequent reclamation work. In the eastern portion of the millsite, the stream channel was 
relocated to the south and lined with riprap. Because of this realignment, the apparent axis of 
the upper flow system is geographically offset from the present location of Montezuma Creek 
in the eastern portion of the millsite. In this portion of the millsite fluvial sediments are 
present along the stream's former alignment and Montezuma Creek currently flows over the 
Dakota Sandstone. The creek and alluvial sediments characteristic of the upper flow system 

DOE-GJPO Environmental Setting and Site History September 1995 
RlFS Work Plan DRAFT FINAL Page 2-1 5 



are reunited downstream of the mililsite. At the eastern boundary of the millsite a drop 
structure was built to return the altered stream bed to its original base level and to prevent 
headward erosion of the creek into the tailings area. 

The U.S. Geological Survey (USGS) gauges flow of South Creek immediately upstream from 
the reservoir. USGS records indicate that maximum discharges occur in the spring and early 
summer months and that low- to no-flow conditions prevail in the late summer, fall, and 
winter months (DOE 199Ob). In the project area, base flow in Montezuma Creek is 
maintained year-round by ground-water discharge from the upper ground-water flow system 
and by releases (mostly leakage) from Monticello Reservoir. 

Stream-flow measurements for Montezuma Creek for the period betwe& December 1992 and 
October 1994, are shown in Table 2.1-2, and corresponding stream gains and losses between 
established stations (see Plate 2-2) are summarized in Table 2.1-3. As these tables illustrate, 
flows vary considerably, and conditions of gain or loss are not consistent for some reaches for 
different measuring times. Montezuma Creek and1 the upper flow system have a dynamic 
relationship dependent upon numerous factors including precipitation events, irrigation 
practices, and upstream releases from Loyd's Lake Reservoir. A general evaluation of base 
flow conditions (flow conditions in the fall when natural or external sources are generally at a 
minimum and influence of ground water conditions are more easily recognized) for September 
1993 and October 1994 shows greater flows in 1993 than in 1994, and inconsistencies continue 
to exist for gains or losses between some stations. In general, Montezuma Creek is slightly 
losing immediately upstream from the millsite, gaining on the west half of the millsite, losing 
across the east portion of the millsite, either gaining or losing immediately downstream from 
the millsite (from stations SW92-05 to SW92-06), primarily gaining in the nmow portion of 
lower Montezuma Creek to station SW92-08, losing from station SW92-08 to SW92-09 just 
downstream from the Vega Creek confluence area, and generally gaining in Montezuma 
Canyon (SW92-09 to the Montezuma Canyon surface water station). Further analysis of 
current and future data is needed to more clearly understand the interconnectedness between 
the stream and the upper flow system as well as influences from bedrock hydrostratigraphic 
units and other natural or external sources (see Section 4.8). 

In 1989, the U.S. Army Corps of Engineers conducted a wetland's assessment of Montezuma 
Creek from U.S. Highway 191 to its confluence with Vega Creek. On the basis of this 
assessment, wetlands exist along Montezuma Creek in a sinuous band that varies in width from 
30 to 45 ft on either side of the center line of the stream. Results of the assessment provide a 
general indication of the distribution of wetlands along the creek. 

Tributaries to Montezuma Creek upstream of the Verdure Creek confluence flow 
intermittently. These tributaries include the North Drainage (also known as Steel's Draw) on 
the north side of the millsite, the unnamed draw that intersects upper Montezuma Creek from 
the south near surface water station SW92-06, the unnamed draw that intersects lower 
Montezuma Creek from the north near surface water station SW92-08, Vega Creek, and all 
tributaries between Vega Creek and Verdure Creek, including Halfway Hollow. Flow occurs 
in these tributaries during spring snowmelt and during and after some precipitation events. 
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Montezuma 
Creek Station 

sw92-01 
sw92-02 
sw92-03 
sw94-02 
SW92-04 

SW92-05 
W4 
sw92-06 
sarenson 
SW92-07 
SW92-08 

SW92# 
sw94-01 
Montezuxna 
canyon 

i Frozen 13.10 
Frozen 2.02 
0.9 1 1.77 

1.47 2.67 
2.25 2.44 
2.67 2.56 
3.34 356 

3.42 3.28 
- 

- 29.37' 

Table 2.1-2. Montezuma Creek Measured Flow Data 

CI 
I 

5/18/93 6/15/93 8/5/93 I 8/25/93 
0.85 6.03 7.36 '0.54 

27.82 8.42 0.69 '0.05 
16.17 13.55 6.58 0.29 

I - - 1 -  

I I I 

1 6/28/94'5 
10.16 
0.174.33 
0.234.25 

0.51-0.39 
10.40 

10.24'4.' 

0934.54 i""- 
0.04 

7/25/94 
0.16 
0.03 
0.10 
0.14 
0.17 
0.42 
IF 
.003? 
0.27 
0.14 
0.022? 

0.035 
0.07 
NF 

' Measured below Verdure Creek confluence. * Heavy precipitation in the area. ' Imgation of fields north of creek near station W4 occurring during 
measurement event, ' Seep observed on stream bank near this location. Minor diversion or flow of water observed in Hall's Ditch. ' Diversion of water from 
Montenuna Creek at drop stmcture at east boundary of millsite to imgate field south of creek and east of millsite. ' Equipnent failure, velocity visually estinmted, 
crsek was hll. Runp operating neat well 92-08.9 Minor flow occurring from North Drainage on millsite. - = not measured because station was not established 
at time of meaJurement, IF = insufficient flow to make measurement, D = duplicate measuremnt, NF = no flow stagnard water, NM = wt measured. 
6/94 flows all less than 0.6 cfs 
7/94 all flown less than 0.45 cfs, no flow at W4 and M. Canyon, trace flow at Sw92.06 
8/94 all flows less than 0.55 cfs except M. Canyon which was visually estimated (creek was hirn) due to equipmeat failure 
10194 all flown less than 0.60 cfs except M. Canyon which was 1.48 cfs 



Table 2. -3. Summary of Montezuma Creek Loss and Gain Between Stream Flow Measurement Stations 
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’ Slade Spring exists m wrth stream bank b e e n  stations SW92-03 and SW94-02, flow is approximately 40 gpn or 0.09 cfs. 
S = static = less than or equal to 0.05 cfs loss, L = less than or equal to 0.10 cfs loss, L+ = greater than 0.10 cfs loss, L+ + = greaterthan or equal to 1.0 cfs loss. 
S = static= lessthanorequaltoO.O5cfsgain,G-= lessthanorequaltoO.lOcfsgain,G+ -greaterthrrnO.lOcfsgaia.C3++ =greaterthan 
or equal to 1.0 cfs gain. 
-=notmeasured. 



Several seeps andor springs have been located in the area (see Plate 2-2). Seeps and springs 
that have shown persistent flow in the last year (1994) occur on the north slope (south-facing 
slope) of upper Montezuma Creek north and east of the millsite. Where present, these seeps 
and springs generally occur in drainages, at or near the exposed geologic contact between the 
Quakmary alluvium &d the Mancos Shale, and in areas where the Mancos Shale has been 
exposed by excavation activities. Typically seeps and springs exhibit diffuse flow and are 
characterized by wet soil or rock over a modestly large surface area, say 20 ft by 5 ft  or 
larger, with a smaller portion of that area showing small amounts of actual flow or rills of 
water. The amount of seep discharge is dependent on seasonal climatic conditions, distinct 
precipitation events, and irrigation schedules. Some seeps may also be the result of 
underground leaking municipal water lines or sewage lines, particularly in the area north of 
the millsite. 

Slade Spring, located on the north stream bank of Montezuma Creek between surfacewater 
stations SW92-03 and SW94-02 just south of the BLM compound, flows at approximately 
40 gallons per minute (gpm). The focused discharge and the presence of chlorine in an initial 
water samples from this spring support the hypothesis that this water originated from a 
municipal source. More recent investigations, however, resulted in stopping a pipeline leak on 
the millsite, excavating the area around the spring, and retesting the spring water for chlorine. 
Chlorine was not detected and the spring continues to flow. Excavation of; the spring area near 
the creek showed that flow was occuning in a well-developed, sinuous underground channel or 
washout, with no evidence of man-made piping. There is sti l l  the possibility, however, that 
the origin of this spring is related to municipal water lines located in or near the northwest 
portion of the millsite property. 

In 1993, millsite excavation activities associated with the remediation program exposed 
Mancos Shale on the north hillslope area along the northwest and northeast portions of the 
millsite property and similar activities have exposed the shale on the southeastern portion of 
the millsite. Seepage from the northern exposures is common, but is laterally discontinuous 
and generally of low volume (approximately less than 5 gpm per 2 0 4  exposure length). At 
the southeastern exposure, ground-water seepage emanates from bedding planes of the shale, 
and occasionally causes some minor surface ponding near the foot of the hillslope. Seepage 
is generally diffuse in that the shale has a wet appearance without any well-defined 
flow channels. 

Reconnaissance conducted in the spring of 1994 along the north hillslope north of the millsite 
boundary delineated several seepage areas near the Quatemary/Mancos Shale contact (North 
Drainage, Pehrson 1, and Pehrson 2 seeps). The origin of the Clay Hill seep, located between 
Clay Hill Drive and the millsite boundary, is not clear because of limited access, but flow 
appears to be emanating from surficial thin soil on top of the Mancos Shale. Another 
seep/spring, the Goodknight Spring, occurs on the south-facing slope in the northwestern 
portion of the millsite. Here, an old, tufa-encrusted culvert emits approximately 0.5 gpm from 
the hillside. 
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Adams Spring and Cabin Spring were discovered during the Summer of 1995. The low- 
flowing (less than 1-2 gpm) Cabin Spring is located adjacent to an old "cabin" on the south 
side of Montezuma Creek across from the North Creek Diversion tributary. The spring 
generally occurs in a concentrated area or "channel;" however, the area is heavily over grown^ 
with thick brush and flow cannot be measured. The actual origin of the spring is above the 
cabin on South slope of the Canyon - in the B u m  Canyon Formation. Adams Spring is 
located immediately north of Clay Hill Drive approximately 2200 ft east of the millsite. This 
spring is characterized by low diffuse flow over a moderately-sized area on the hill slope. 

Some seepage has been observed on the banks of upper and1 lower Montezuma Creek in places, 
and seeps also occur south of the Vega Creek confluence in Montezuma Canyon associated 
with the sandstone units within the Saltwash member of the Morrison Formation. 

Overland flow (runoff) of water associated with precipitation events enters the project area 
from the north and south hillslopes along the Montezuma Creek valley. Along the millsite 
boundary, the north hillslope is drained by one principal tributary that heads in the town of 
Monticello. This watershed, known as the North Drainage (or Steel's Draw), has a total area 
of about 65 acres and is fed by springs and seeps that originate near the contact between the 
Quaternary pediment gravels and the Mancos Shale. In 1985, a diversion ditch was 
constructed along the northern perimeter of the site to collect storm water from this drainage. 
Water flowing into the diversion ditch is transmitted to one of two catch basins - one in the 
north-central portion of the d s i t e  and the other at the northeast comer of the millsite. Both 
of these catch basins feed buried pipes that convey the water to outfalls along Montezuma 
Creek. A pond forms at the intake to the west catch basin near the Carbonate and Vanadium 
Tailings Piles because the basin's intake is set too high in elevation. The pond acts as a source 
for infiltration and recharge to the upper ground-water flow system. 

The south hillslope is drained by two small watersheds that enter the site southwest of the Acid 
Tailings Pile. The total basin area of each of the drainages is 10 to 15 acres. Both of these 
watersheds are typically dry. An abandoned diversion ditch is present south of the Acid 
Tailings Pile and would probably divert any large amounts of surface flow that may occur in 
that area. 

Surface-water quality at and in the vicinity of the M M T S  is discussed in detail in the Basehe 
Characterization Data Summary (DOE 1994b) and summarized in Section 4.4.3.3 of this 
Work Plan. 

The hydrostratigraphic units underlying upper and lower Montezuma Creek, from youngest to 
oldest, are an upper aquifer consisting of unconsolidated alluvial material and weathered 
bedrock, referred to as the upper flow system; an aquitard consisting of Mancos Shale and 
Dakota Sandstone; and a lower aquifer consisting of the Burro Canyon Formation. The ranges 
in thicknesses of the upper flow system, aquitard, and Burro Canyon Formation are 
approximately 0 to 30 ft, 0 to 130 ft, and 115 to 150 ft, respectively. 
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The upper flow system consists of heterogeneous alluvial material (clay, silt, sand, and gravel) 
and, in places, weathered (fractured and more friable) bedrock. The upper flow system is 
generally bound by the hillslopes and walls of upper and lower Montezuma Canyon. The unit 
pinches out, coalesces with thin colluvium, and/or is generally unsaturated or of thin saturated 
thickness in these areas. Ground water in the upper flow system generally flows eastward 
within OU III; however, potentiometric contour maps indicate that flow on the north and south 
flanks of the Montezuma Creek valley is from the northwest and southwest, respectively. 
Saturated thicknesses of the upper flow system range from approximately 2 to 25 ft, but 
generally are less than 15 ft. Suriicial recharges to the upper flow system are estimated to be 
approximately 1 x lo-’ to 1 x IO-’cm/s (DOE 1994a). Well hydrographs indicate that some 
wells, particularly those located in areas with thin alluvium, show occasional sporadic water- 
level fluctdions, probably because of relatively kpid recharge preceding a recent 
precipitation event. Horizontal hydraulic gradients range from 0.01 (central valley) to 0.1 
(valley flanks). Where measured, vertical gradients between the upper flow system and 
bedrock ground water are downward and range between 0.29 and 1.0 (DOE 1994a). The 
hydraulic conductivity of the upper flow system, based on pumping and slug tests to date, 
ranges from 7.4 x lo4 to 1.8 x lo-’ cm/s. 

The Mancos Shale and1 Dakota Sandstone Formations are generally perceived to act as an 
aquitard. Because the Mancos Shale is virtually absent from the central portion of upper 
Montezuma Creek, the Dakota Sandstone is the primary hydrostratigraphic unit that separates 
the upper flow system from the Burro Canyon aquifer. The unit comprises interbedded 
siltstones, sandstones, shales, and some coal beds. The few wells that are completed in the 
Dakota Sandstone produce small amounts of water - in some cases not enough water to collect 
samples. Vertical hydraulic gradients from the upper flow system (wells 198-1 and 198-2) or 
from the overlying Mancos Shale (well cluster 200) to the Dakota Sandstone has been 
calculated at approximately 1.0 (Le., flow occurs by gravity drainage). Hydraulic 
conductivities of the Mancos Shale and the Dakota Sandstone, as estimated by packer tests, 
range from 9.5 x lo-” to 5.4 x cm/s (fractured shale) and 1.0 x lO-’to 2.1 x 10” cm/s, 
respectively. The geometric mean of the hydraulic conductivity for each of these units is 
approximately 4 x lo-’ cm/s (HLA 1993). 

The Burro Canyon Formation consists mostly of sandstone with some interbeds of pebble 
conglomerate and green shale or siltstone. The formation is about 115-ft thick near the 
millsite, and may attain thicknesses up to about 150-ft thick in the Monticello area 
(Craig 1982). The Burro Canyon Formation is unconfined west of the MMTS, generally 
confined on the millsite, and semiconfined to unconfined downgradient of the millsite. On the 
basis of information to date, ground-water flow in the Burro Canyon aquifer is due east with 
hydraulic gradients of 0.004, 0.006, and 0.01 for the areas upgradient of the millsite, on the 
millsite, and downgradient of the millsite, respectively. Published reports (Avery 1986; 
Freethey and Cordy 1991) and pumping test results from the MMTS show the hydraulic 
conductivity of the BUKO Canyon aquifer to range from 6.4 x lU5 to 1.0 x lU3 cm/s, with a 
mean of about 5 x 104 cm/s. Laboratory vertical conductivity tests conducted on Burro 
Canyon core showed values ranging from 8.1 x 10-loto 7.1 x 10‘ cm/s and an average of 
approximately 1.2 x 10‘ cm/s (Advanced Terra Testing 1992). 
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The hydraulic connection between the upper flow system and the Burro Canyon aquifer is 
restricted where the aquitard exists. This is supported by field observations of relative well 
recovery, documented hydraulic conductivity estimates (field and laboratory), differences in 
ground-water chemistry, radiological age-dating analyses, and general evidence of no 
contamination in the Burro Canyon aquifer. Differences in hydraulic head between these 
units, however, do indicate that a downward hydraulic gradient exists. 

Surface water on and in the vicinity of the MMTS includes Montezuma Creek and a number of 
seeps and/or springs. Montezuma Creek, a relatively lowdischarge perennial stream, forms at 
the junction of North and South Creeks that head in the Abajo Mountains, located several 
miles to the west, and flows east through the MMTS and then south through Montezuma 
Canyon. Flow measurements collected on Montezuma Creek within the MMX3 show flow 
ranges from less than 1.0 e/s during base flow to almost 30 P/s during spring runoff. The 
interconnectedness between Montezuma Creek and the underlying upper flow system and 
bedrock unit is not fully understood. Stream flow data collected to date indicate that stream 
gains and losses are generalily inconsistent from station to station for different measurement 
events, but some general trends have lbeen observed. Montezuma Creek is slightly losing 
immediately upstream from the millsite, gaining on the west half of the millsite, losing across 
the east portion of the millsite, either gaining or losing immediately downstream from the 
millsite (from stations SW92-05 to SW92-06), primarily gaining in the narrow portion of 
lower Montezuma Creek to station SW92-08, losing from station SW92-08 to SW92-09 just 
downstream from the Vega Creek confluence area, and generally gaining in Montezuma 
Canyon (to the Montezuma Canyon surface water station). 

Seeps and/or springs in the area, where present, generally occur in drainages, at the geologic 
contact between the Quaternary alluvium and the Mancos Shale, and in areas where the 
Mancos Shale has recently been exposed by excavation activities. Discharge from each of 
these seeps is generally small, but may vary depending on seasonal climates, distinct 
precipitation events, and/or irrigation schedules. One sizeable (40 gpm) spring flows into 
upper Montezuma Creek in the western portion of the millsite. 

Overland flow of storm water runoff entering the MMTS project area originates from the north 
and south hillslopes along the Montezuma Creek vdley. Along the millsite boundary, the 
north hillslope is drained by one principal tributary that heads in the town of Monticello. This 
watershed has a total area of about 65 acres. The south hillslope is drained by two small 
watersheds that enter the site southwest of the Acid Tailings Pile. The total basin area of each 
of the drainages is 10 to 15 acres. Both of these watersheds are typically dry. 

2.2 Historical Setting 

The uranium and vanadium mill at Monticello was one of the earliest to operate on the 
Colorado Plateau and was at the forefront of developments in uranium-milling technology 
throughout its period of operation. The Monticello mill was one of the first two plants in the 
United States to use the acid leach resin-in-pulp (RIP) process and was the first to employ the 
carbonate leach RIP process. Mill operations at Monticello were also a focal point of early 
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environmental concerns. After the mill closed in 1960, it was the first inactive site to undergo 
extensive tailings stabilization. . 

This synopsis of the history of the Monticello mill is intended to provide general background 
information for understanding the environmental problems posed by the mill both during its 
operation and after its closure. 

2.2.1 Mill Ownership 

2.2.1.1 V a n a h  Corporation of American Operations, 1941 to  BW 

In late 1940, the Vanadium Corporation of America (VCA) opened a vanadium ore-buying 
station in Monticello to stimulate vanadium mining in the region. Within a short time, ore 
production increased enough to justify construction of a vanadium mill, and in September 
1941, the War production Board approved the proposal submitted by VCA for mill1 
construction. Funding for construction was provided by the U.S. Government through the 
Defense Plant Corporation. The Metals Reserve Company assumed operation of the ore- 
lbuying station in April 1942, while the VCA operated the mill. The first vanadium was 
produced at the new mill on August 24, 1942. In 1943, VCA began producing a uranium- 
vanadium sludge for the Manhattan Engineer District, which had recently initiated a program 
to obtain domestic uranium. The mill closed in February 1944. 

The VCA reopened the mill from 1945 to 1946 under lease from the Defense Plant 
Corporation and purchased stockpiled ore from the Metals Reserve Company. During this 
time, the VCA produced a uranium-vanadium sludge which it sold to the Manhattan Engineer 
District. 

2.2.1.2 Atomic Energy C~IlnwiSsio~~ Operations, 1948 to 1962 

The U.S. Atomic Energy Commission (AEC) bought the Monticello millsite from the War 
Assets Administration in 1948. The American Smelting and Refining Company acted as the 
ore-buying agent for the AEC. The Galigher Company was hired to design and operate a 
uranium mill at the site. In February 1956, Lucius Pitkin, Inc. replaced American Smelting 
and Refining Company as ore-buying agent, and in April 1956, the National Lead Company 
assumed operation of the mill. Shortly thereafter, the National Lead Company also took over 
ore weighing, sampling and stockpiling activities, while Lucius Pitkin, Inc., continued to 
handle administrative activities associated with ore purchased contract, assaying, and 
settlements. The mill closed in January 1960, but the ore-buying station remained open until 
March 31, 1962. 
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2.2.2 lvming Processes 

2.2.2.1 Vamdiaura Corporation of America Salt Roast Process 

During VCA operations at the Monticello mill, a salt roast process was used to convert 
vanadium minerals to soluble form. However, the high lime content of the carnotite ore 
processed at the mill presented metallurgic problems. The calcium carbonate caused excessive 
slagging, and the calcium, liberated by roasting, formed insoluble vanadium compounds. 
Consequently, pyrite was added to cause some of the calcium to form calcium sulfate. The hot 
ore was quenched in a solution of sodium carbonate, at which point, most of the vanadium 
dissolved, and calcium remained as calcium chlorate precipitated as calcium carbonate. After 
successive washings, the sands were transferred to tailings. Precipitation of vanadium 
pentoxide (V,O,) from the pregnant liquor was induced by the addition of sulfuric acid. The 
preCipitate was washed to remove sodium chloride and sodium sulfate, and the wash water was 
discharged to the nearby creek. 

2.2.2.2 Atomic Energy Commbsion Processes 

Ores received at the AEC ore-buying station and processed at the mill came from a wide 
geographic area and had a broad spectrum of metallurgic properties that affected the milling 
processes. Tests on the ores for process amenability were conducted by the Monticello Plant, 
by the U.S. Bureau of Mines in Salt Lake City, and by the AEC Pilot Plant in Grand Junction. 

A number of milling processes were used at Monticello during the 11 years of AEC operation. 
These included raw ore carbonate leach, low-temperature roadhot carbonate leach, and salt 
roast/hot carbonate leach up to 1955; acid leach RIP and raw ore carbonate leach from 1955 to 
1958; and a carbonate pressure leach RIP process from August 1958 to mill closure in 1960. 
Three of the AEC processes used at the Monticello mill are summarized below. 

2.2.2.3 Salt Roast/Cmrbonate Leach Process 

Until 1955, vanadium was recovered with uranium. After being crushed, the ore was mixed 
with sodium chloride (common salt ), 6 to 9 percent by weight, and roasted at temperatures 
near 8500 C. The hot ore was quenched in a sodium carbonate solution, ground to natural 
grain size, and passed through a series of agitators and thickeners to dissolve the uranium and 
vanadium. 

Sodium uranyl vanadate (yellowcake) was precipitated from solution by adding sulfuric acid to 
a pH of 6 and heating. Precipitation was considered complete when the filtrate contained less 
than 10 ppm U,O,. The filtrate was further acidified by the addition of sulfuric acid to pH 2.5 
to precipitate vanadium oxide (red cake). The dried yellowcake was further refined by adding 
chloride, sodium carbonate and sawdust, and then fusing the substance in a furnace to produce 
uranium oxide (black cake). The vanadium and other impurities were eliminated by washing, 
and the wash solution was further treated to recover vanadium. 
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2.2.2.4 Acid h c h  RIP Brocess 

In 1955, the salt roast process and vanadium recovery were discontinued in order to improve 
uranium extraction. In November 1955, an acid leach RIP plant began operation. The 
previous donate  l&h plant was retained so that the mill could run two circuits 
simultaneously. Testing of ores for amenability had been conducted previously. 

After being crushed and ground, the ore was mixed with sulfuric acid and manganese dioxide 
(oxidant) and passed through a series of eight agitators. Water for the leach circuit was 
recycled from the tailings pond overflow. The leached ore was passed through a series of 
classifiers to separate the sand and slime fractions. Sands were passed to the tailings pond, 
and slimes containing dissolved uranium were passed through a series of banks with s c r h  
eluted with a sodium nitrate solution acidified with sulfuric acid. Calcium hydroxide was 
added to the pregnant eluate to raise the pH to 3.4, whereupon the white cake, consisting 
mostly of calcium sulfite (gypsum), was precipitated. The white cake was recycled through 
the leaching circuit, and the filtrate was advanced to the second stage of precipitation, where 
yellowcake was produced by the addition of magnesium oxide to neutralize the filtrate. 

The acid tailings were combined with the tailings from the carbonate plant to obtain partial 
neutralization. The combined tailings were then treated with calcium hydroxide to achieve, 
complete neutralization and to flocculate the pulp, after which they were pumped to the 
tailings pond. About 130 gallons per minute of pond overflow was recycled through the leach 
circuit, while 180 gallons per minute was discharged to Montezuma Creek. Combined 
capacity at this time for the acid leach RIP and alkaline leach plants was about 600 tons of ore 
per day- 

2.2.2.5 Carbonate Leach REP Pr<acess 

Conversion of the acid leach1 RIP plant to a carbonate leach RIP plant began in June 1958. 
The new plant began processing ore on August 8, 1958 at a capacity of 150 tons per day. 
Pilot plant studies used ore from the Monticello stockpiles. The resin was eluted with a 
sodium chloride solution. Precipitation of yellowcake was induced by the addition of sulfuric 
acid; neutralization with magnesium oxide followed. 

Neither a flow sheet nor a reference, describing the carbonate pressure leach RIP process, has 
been located. However, the process used at Monticello is known to have been similar to the 
process later used at the uranium mill in Moab, Utah. There, the ore was ground to -65 mesh 
in a solution of sodium carbonate-bicarbonate. The pulp was then thickened to about 50 
percent solids and subjected to pressure leaching with mechanical agitation in steam-heated 
autoclaves. After cooling, the leached pulp was passed through a sand-slime separation 
circuit. The uranium-bearing solution and slimes were then passed through the RIP circuit. 
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2.2.3 Relation ~f Tailings Piles and Milling Process 

Prior to the installation of the acid leach RIP plant in 1955, tailings were discharged to two 
areas referred to as the Carbonate Pile and the Vanadium Pile. The Carbonate Pile is believed 
to be' the oldest of the tailings piles; it received tailings from the AEC salt roa~t/carbo~te 
leach process. The Vanadium Pile apparently obtains its name from the fact that vanadium 
concentrations are higher in this pile than in the other tailings piles. However, the origin of 
these higher concentrations is unknown because of the uncertainty regarding the date of the 
pile's construction and its exact relation to the milling processes in use prior to start-up of the 
acid leach RIP plant. 

There is evidence that the Carbonate and Vanadium Piles were operated simultaneously in the 
1951 and 1952 according to old records. The Carbonate Pile seems to equate with the "sand 
pond" and "old tailings pond" and the Vanadium Pile with the "settling pond" and "clarifier 
pond". 

The salt roast performed for vanadium fecovery was discontinued on June 1955. Vanadium 
precipitation on the circuit was continued, but the precipitated vanadium was passed to the 
"high vanadium tailing pond storage." This practice suggests that the Vanadium Pile may 
have been used to stockpile high-vanadium tailings for a short period of time following the 
cessation of vanadium recovery, although a resident manager of the mill at the time has no 
recollection of a separate stockpiling. It is certain, however, that the Vanadium Pile was not 
constructed for this purpose. The volume of tailings was too great in 1955 to have been 
produced by a plant that processed no more than about 100 to 120 tons of ore per day. 

Because the acid leach FUP process required more water, a third pond was constructed South 
of Montezuma Creek to accommodate the added volume of discharge. This pond, referred to 
as the Acid Pile, contains the combined tailings, produced in 1955 and 1956 from the acid 
leach RIP and d o n a t e  leach circuits. 

After construction of the Acid1 Pond, it soon became apparent that a larger tailings pond would 
be required. Additional land, some of which had already been damaged by mill releases, was 
purchased east of the AEC property, and a new pond was constructed to retain a projected 578 
acre-feet of tailings. This pond, the East Pile, received tailings from1 1956 to 1960 when the 
mill closed. 

2.2.4 hvironxnental Problems Associated with Mill Operations 

2.2.4.1 Air PQMu~~o~  

Prior to 1955, the environmental problems receiving attention at the Monticello mill came 
from the salt roast procedure used to enhance the vanadium recovery. Large quantities of 
dust, chlorine, and hydrogen chloride gas produced in this step of the mill flow sheet were 
exhausted through the roaster stack. Annual losses were estimated at 14,000 Ib. V,O, and 
more than 3000 lb. U,08. Local residents complained about corrosion of wire fences, 
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clotheslines, galvanized roof, etc.; these complaints were verified by The Galigher Company. 
Stack releases largely disappeared when vanadium recovery was discontinued in 1955. 

2.2.4.2 Water Pollution 

Liquid effluent from the salt roast/carbonate leach plant, which contained substantial 
concentrations of chloride, sulfate, carbonate, bicarbonate, sodium, and other dissolved 
species, was released into Montemma Creek. Elimination of effluent releases to Montemma 
Creek became a goal in the subsequent design of tailings ponds and in research on milling 
processes. The Acid Pond was lined with 6 inches of compacted bentonite in an attempt to 
prevent seepage. Water from this pond was partly recycled to the acid plant. About 3500 
gallons of birren elute (extract) were bled from the elution cycle daily to prevent resin 
poisoning. However, this solution contained high concentrations of nitrate and could neither 
be released into Montezuma Creek nor be recycled. Instead, it was disposed of in separate 
ponds and allowed to evaporate. 

A water-sampling program began in March 1956 and continued through March 1959. The 
data acquired in the survey indicated that even with the East Pond, discharge of salts exceeded 
Utah water quality standards. In particular, when the carbonate leach RIP plant began 
operation, the pH values and concentrations of total dissolved solids, carbonate, bicarbonate, 
sodium, and chloride increased to levels above those observed during operation of the acid 
plant. 

Emphasis shifted toward radiologic aspects of uranium milling in 1957 when the AEC released 
the "Standards of Protection Against Radiation" as 10 CFR 20. Included were standards for 
exposure of individuals to radiation and maximum permissible concentrations of radionuclides 
in water and air. Part 20 applied specifically to AEC licensees, so the Monticello mill was not 
legally subject to these standards. However, a directive was issued to achieve compliance at 
Monticello in order to provide a model for private mills. The program developed to reach 
compliance also included approval of sampling and analysis methods and development of 
controls for disposing of hazardous substances. 

Release of radium-226 was of special concern. As early as 1950, it was recognizedl that 
radium levels in water and stream sediments were increasing as a result of uranium mill 
operations. In 1955, the flow in Montezuma Creek below the Monticello mill was noted to 
consist mostly of overflow and1 seepage from the tailings ponds. Soluble radium in the mill 
effluent was measured at 81 pCi/L. The radium-226 balance in the Monticello acid leach RIP 
plant was examined to determine what fraction was dissolved in the milling process and the 
ultimate disposition of radium through the various chemical separations. It was found that 
only about three percent of the radium in the ore was dissolved in the leach circuit. Of this 
amount, 10 lpercent precipitated with yellowcake. Most of the remainder of the dissolved 
radium was removed upon neutralization of the ltailings in the tailings treatment step. 
Ultimately only 0.03 percent of the radium fed to process entered Montezuma Creek as solute. 
Soluble radium activity in Montemma Creek was found to be 160 pCi/L; the maximum 
permissible concentration was 4 pCi/L above natural background. It was also recognized that 
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the suspended solids contained considerable radium activity, and ithat dry tailings were being 
washed into the creek. 

A number of studies were subsequently conducted to determine methods for removing the 
small amount of dissolved radium. Barium sulfate was found to be the most effective 
compound for removing radium from tailings solutions. A test circuit was set up at Monticello 
to determine the feasibility of the treatment on a plant scale. Significant reductions of radium- 
226 were achieved, although the average concentration was still above 4 pCi/L. A second test 
circuit included iron sulfate heptahydrate (FeSO, .7 H,O) as treatment to flocculate suspended 
solids; this ;brought dissolved radium Concentrations to within acceptable levels. 

2.2.5 Early Cleanup Activities 

During milling operations, the tailings were normally moist so that erosion by wind was 
minimal. Within a year after shutdown, the tailings dams and s u b s  of the piles dried out, 
and tailings sand started migrating as dunes. Erosion by water also became a problem. 

In Summer 1961, the Atomic Energy Commission began to regrade, stabilize, and vegetate the 
piles. This work was initiated on the East Pile because, being the largest pile, it presented the 
greatest potential for wind erosion and migration of tailings off site. At the onset, a small 
pond still existed in the lowest part of the East Pile, and it was drained to the extent possible. 

Slimes retained considerable moisture, even in "dry" pats of the pile, and1 many areas would 
not support heavy equipment. To overcome this obstacle, tailings sand was hauled from the 
other three piles and spread over the surface. These tailings mixed with the fluid slimes to 
provide a stable surface over which cover material could; be spread. "he depth of sand fill 
reached as much as 6 ft  in places but averaged 3 or 4 ft. After the grading was completed, 8 
to 12 in. of fill dirt and; rock, excavated nearby, were spread over the tops and sides of the 
piles. Topsoil was added to the tops of the piles, fertilized, and a variety of native grasses 
were planted. 

The mill facilities were dismantled concurrently. Equipment and scrap were sold to private 
firms, and unsold scrap material was buried or burned. Trenches were excavated near the 
Carbonate Pile, and scrap was buried under several feet of tailings. These tailings were 
covered with rock and soil and seeded in the same way as the piles. 

Within a few years, it was evident that erosion problems were under control. Data suggested 
that dissolved and particulate radium concentrations in Montezuma Creek were diminishing. 
A radiologic survey of the site conducted in May 1965 concluded that exposure rates on the 
piles were slightly above background but did not result in a dose that exceeded the Federal 
Radiation Council Guide limit of 0.5 rem/yr for the general public. This was not true of the 
ore-storage areas. These areas had been cleared of visible ore fragments when the mill closed, 
but ore apparently remained buried in the soil. During the summer of 1965, topsoil to a depth 
of 6 to 12 inches was removed from the ore-storage areas. Photographs archived at the Grand 
Junction Office suggest that the contaminated soil was used as fill material to partially bury the 
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mill foundations. A subsequent radiologic survey of the ore-storage areas was conducted by 
the AEC Grand Junction Office, results of which indicated that a radiation hazard no longer 
existed according to standards in effect at the time. 

In 1972, the AEC requested additional radiation surveys of the South stockpile area and the 
ore-buying station. These surveys indicated that considerable contamination remained and 
recommendations were made to remove nearly 15,000 cubic yards of contaminated soil from 
these areas. Removal of contaminated soil and1 the mill foundations was undertaken between 
May 1974 and August 1975. Ore-contaminated soil scraped from the ore-storage areas was 
dumped on the previously stabilized surface of the East Pile; though graded, contoured and 
reseeded, it was not covered with uncontaminated soil to prevent dispersal. Mill foundations 
were demolished and bulldozed into adjacent pits. The slope was then &graded to a maximum 
of 16 degrees and diversion ditches were constructed to minimize erosion by water. 
Radiologic surveys of the areas conducted after completion of these cleanup activities indicated 
that the exposure rates were reduced to no more than 0.04 mWhr above the background rate of 
0.02 mhr. 

2.2.6 Recent W E  Remedial Action 

In 1980, the U.S. Department of Energy (DOE) placed the Monticello millsite into the Surplus 
Facilities Management Program (SFMP) and the Monticello Remedial Action Project (MR4P) 
was established. In 1983, remedial activities at vicinity properties were separated from MRAP 

properties were retained with the Monticello Mill Tailings Site (MMTS) as Operable Unit 
(OW II- 

@ with the establishment of the Monticello Vicinity Properties (MVP) Project. The peripheral 

The DOE entered into a Federal Facilities Agreement (FFA) with the U.S. Environmental 
Protection Agency (EPA) and the State of Utah in December 1988 to complete remedial action 
at the millsite, peripheral properties, and vicinity properties. The Monn'cello Vicinity 
Fropem.es Site Record of Decision (ROD) was signed in November 1989. The Monricello Mill 
Tailings Site ROD covering the millsite (OU I) and the peripheral properties (OU II) was 
signed in September 1990. Groundwater and surface water (OU III) will be addressed in a 
separate ROD. In spring of 1991, OU III was elevated by DOE to project status with the 
creation of the Monticello Surface- and Ground-Water Remedial Action Project (MSGRAP). 

2.2.7 Overview of Previous QU 111 Documents 

Numerous documents have been prepared in support of the OU lTI WFS over the past several 
years. Due to scope of work and technical direction changes, several of these documents have 
been superseded by more recent documents. In addition, the RUFS relies on the results of 
numerous previous sampling programs conducted within OU III and the surrounding area. A 
summary of historical and future sampling programs and documents associated with OU III is 
presented in Table 2.2-1. Existing documents that either supersedes or effectively incorporates 
information presented in earlier documents and future documents that will directly support 
completion of the RI/FS through the Proposed Plan and ROD are shown in boldface type in 
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Table 2.2-1. For example, historical data presented in pre-1994 data reports have effectively 
been incorporated into the Baseline ChrrraCteeriZation Data Summary Report (DOE 1994b) and 
this Work Plan. 
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DrafiMMISOUm 1 
Focused Work Plan 
For Confirmatory Soil 
Sampling 

Baseline 
Characterization 
Data Summary 
Report Reports 

Draft F i  M o n t i C d O  
Site -went plan 

D d t  Montieello 
Projects Health and 
lsafety Plan 

Draft F d  Wl% 
Work plan. Field 
Sampling plan, and 
Qualitr Assurance 
Project Plan 

iampling 
Programs 

MI Surface- and 
round-Water WFS 
'ork Plan, field ~ 

Impling Plan, 
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roject Plan to 
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Table 2.2-1. Summary of Historical and Future Sampling Programs and Documents Associated with 0 U III. 

Draft Project 
Management Plan 

1 Characterization of 
Sediment in Upper and 
Lower Montezum 
Creek Canyoa - Draft 
Work Plan/Field 
Sampling Plan 

MMTS Record of 

Annual Monitoring 
Program : 
Semiannual Surface- ~ 

Water and Ground- 
Water Monitoring 

R.UFS Reporl 

I 

l~ 
Annual Monitoring 
Frogram : Semiannual 
Surface-Water and 
Ground-Water 
'Wonitonng 

Historical Air 
Monitoring 

nnual' Site 
nvironmental 
epon 

XRCLA 
danagement Plan 

Annual Site 
Environmental Report 

Annual Site 
Environmentall 
Report 

Annual Site 
Environmental 

Reports i '  
~ 

Aquatic Biology 
SUKW~-BIO/WEST 

Historical Surface- 
Water and Ground- 
Water 
Investigations 

1982 - 1987 
Sediment Sampling 
Programs 

1988 Aquatic 
Biology Survey 

I 

Annual Site 
Environmental Report 

F i i l  WFS-EA for the 
MMTS 

I 

1~ 

aseline 
'haracterization : 1 
urface-Water and 
iround-Water 
tonitoring 

Baseline 
Characterization : 
Surface-Water and 
lGround-Water 
Monitoring 

Annual Monitoring 
Program : 
Semiannual Surface- 
Water and Ground- 
Water Monitoring ' 

I 

Annual Monitoring 
Program : Semiannual 
SurFace-Water and 
Ground-Water 
Monitoring 

1996 ,1997 

I 

BOLD I T W C  = Documents that either supersede or effectively incorporate informatiion from earlier documents and future documents that directly support completion of the RllFS through the Proposed Plan awl Record of Decision. 

1998 

rowed- 

.ecord of Decision 

b u a l  Monitoring 
*gram : 
;emiamual Surface- 
Kater Kater and Monitoring Ground- 
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3.0 Previous hvestigations 

3.1 btroduction 

Environmental investigations at or near the MMTS began as early as 1955. While data fiorn the 
early studies are sparse or not validated under modern protocols, recent work yields a substantial 
body of data d e s c n i g  existing conditions. These data form a basis for the investigative strategy 
on which the OU III RVFS Work Plan relies. This section of the Work Plan summarizes previous 
investigations and their significance to the RVFS. 

Most previous investigations characterized either hydrologic conditions (surface and ground 
water), sediment properties, ecological conditions, or air quality. These investigations are 
summarized in chronological order under the proper topic heading. Each summary describes the 
work conducted and the general results attained. For each topic, the major findings of the 
investigations are then synthesized in terms of their significance for the Work Plan. Because they 
often do not meet present-day technical and documentation standards, data obtained before 1984 
are generally interpreted only qualitatively. Recent data usually conform to current standards and 
can be quantitatively evaluated. 

Other investigations were not reported individually in documents limited to specific topic 
headings. A geologic map and report of the millsite and the adjoining repository site .were 
preparedl in October andi November 1989 to provide basic information for evaluating those sites. 
The resulting Monticello Remedial Action Project, Sur$ace Geologic Characterization of the 
Near and Far South Sites (Goodknight and Werle 1990) contains information relevant to 
hydrologic, sediment, and ecologic studies. Other investigations made prior to 1989 are reported 
in the Final Remedial InvestigatiofleasibiIi@ Stu+-EnvironmentaI Assessment for the 
Monticello, Utah, Uranium Tailings Site (the NFS-EA), (DOE 1990b). Routine monitoring of 
surface water, ground water, and air at the MMTS is documented in annual environmental 
monitoring reports for calendar years 1979 through 1993. These reports include Bendix (1980), 
Korte and Thul(198 1, 1982, 1983, 1984), Korte and Wagner (1985, 1986), Sewell and Spencer 
(1987), and DOE (1988a, 1989, 1990% 1991a, 1992b, 1993b, 1994a). 

OU III data collection activities were initiated in 1992. The OU 111 activities conducted before 
development of this plan include surface water and ground-water monitoring (baseline 
characterization 11992-19931 and annual monitoring [ 1994-195]), hydrogeologic site 
reconnaissance (1994), gamma radiation exposure rate survey (1994), geomorphic site 
reconnaissance (1994), and confirmatory soil sampling (1994). These activities are further 
discussed in the following sections. 

Analytical data generated during the baseline characterization, annual monitoring, and 
confirmatory soil sampling events were used to develop the preliminary risk calculations 
presented in Sections 4.5 and 4.6. These data were also compared with regulatory 
benchmarks, as an initial means of identifylng the analytes that occur at concentrations 
exceeding the benchmarks in each medium. Comparisons of analyte concentrations in ground @ water, surface water, and sedimentlsoil to regulatory benchmarks for human health are 
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presented in Tables 3.1-1, 3.1-2, and 3.1-3, respectively. As shown, surface water and 
ground-water data were obtained at upgradient, onsite, and downgradient monitoring sites. 
Sediment/soil data were obtained downgradient of the millsite. The analytes with maximum or 
average concentrations exceeding numerical regulatory benchmarks for human health (surface 
water and ground water) or potential numerical benchmarks for human health (sedimentlsoil) 
are summarized for each medium below. 

Ground W a e r  - OnRite 
Radon-222 Radon-222 

Gross Alpha 
Gross Beta 
Arsenic 
Lead 
Nitrate 
Selenium 
Uranium 
Radium-226 

Sulfate W a e c  - 
Uranium 
Gross Alpha 

Sediment/Soil: 

onsite 
Uranium 

Radon-222 
Gross Alpha 
Gross Beta 
Arsenic 
Lead 
Nitrate 
Selenium 
Uranium 
Barium 
Beryllium 
Nickel 

Uranium 
Gross Alpla Gross Alpha 
Gross Beta Gross Beta 
Selenium Selenium 
Arsenic 
Radium-226 

Arsenic 
Beryllium 
Manganese 
Ra-226 

Please note that insufficient data currently exist to compare OU In sediment/soil data with 
background concentrations. Sediment/soil background data are being collected as part of the 
RI. 

Comparisons of analyte concentrations in surface water to Federal and State acute and chronic 
ambient water quality criteria for aquatic organisms are presented in Section 4.5. The analytes 
with maximum or average concentrations exceeding one or more of these criteria are 
summarized below: 
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Su@zce Water: mlPii=t onsite 
Aluminum Aluminum Aluminum 
Iron Iron Iron 
Leadl Lead Lead 
Selenium Selenium Selenium 

Arsenic 
copper 
Mercury 

3.2 Surface Water hvestigationms 

3.2.1 htroduction 

Montezuma Creek is a perennial stream that heads in the Abajo Mountains, flows from west to 
east past the millsite, and turns south at its confluence with Vega Creek on its way to the San 
Juan River. It is the main source of surface water in the Monticello area. Other bodies of water 
on the millsite and nearby areas include several small ponds, seeps, and drains. Section 2.0, 
“Environmental Setting,” describes the surface waters in more detail. 

As early as 1950, radium levels in Montezuma Creek were known to be increasing as a result of 
uranium milliig. In 1955, Public Health Service workers noted that streamflows consisted mostly 
of overflow and seepage fiom the tailings ponds and measured a radium-226 activity of 160 
picocuries per liter in Montezuma Creek below the mill (Tsivoglou et al. 1956; Tsivoglou 1964; 
Whitman and Beverly 1958) It was also known by 1954 that effluent releases from the mill 
contributed salts and other soluble contaminants to the creek. Water samples collected from 
March 1956 to March 1959 indicated higher pH values and elevated concentrations of total 
dissolved solids (IDS), sodium, carbonates and bicarbonates, sulfates, and chlorides in the stream 
water below the mill. Several studies were made during the last years of mill operations to find 
ways of correcting these problems (Bendix 1980). Only sporadic monitoring of surface water 
occurred between closure of the mill and 1979, when the present monitoring program began. 
Investigations carried out since 1979 fall into two categories: 

0 Routine monitoring of water quality, concentrating on radionuclides and metals typical of 
contamination associated with uranium mill tailings. These data were reported in the 1990 
RZfiS-EA, although monitoring has continued since that time. 

0 Hydrogeologic reconnaissance and expanded water-quality sampling and analysis to 
support development of the OU III W S  Work Plan. 

This section briefly summarizes both categories. Plate 2-2 shows the locations of the s u h e  
water monitoring stations referenced below. For fbrther interpretation of the data obtained from 
these investigations, see Section 2.0, “Environmental Setting.” 
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Table 3.1-1. Comparison of Analyte Concentratio,. Upper Flow System Ground Water and Regulatory Bencharh 



Table 3.1-2. Comparison of AnaIyte Conce in Montauma Creek/Seeps and Regulatory Benchmarks 



Table 3.1-3. Comparison of Analyre Concernrations in Sediment/Soil S m p l d  Collecred from 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

39 0.2 0.6 0.8 

390 - 78.000 7.0 9.6 9.8 

4,700 5.9 8.5 9.6 

2.900 58.0 166.6 193 .O 

11.3313 14898.2 15,Ooo.o 

Uranium 

Vanadium 

I I Zinc 23.ooo 50.5 68.5 66.4 I 

230 16.4 41.3 26.5 

550 105.7 341.2 488.0 

I I I I 4.38 piClg I 4.0 piClg Th-232 1.77 piClg I 
‘Samples collcctcd during the 1994 canfvmatory soil sampling event. 

Benchmarks are soil acretoing lev&, obtained from the EPA Region IIl Risk-Based Concentration Table, January - June 1995. 
Shaded values indicate an cxcadancc of the regulatory benchmark. 

September 1995 Previous Investigations DOE-GJPO 
DRAFT FINAL R l F S  Work Plan Page 3-6 



3.2.2 Investigations Reported im the 1990 JfWFS-lEA 

The goals ofthe post-1979 monitoring program were (1) to compare water quality in Monteprma 
Creek upstream fiom the millsite with that at the millsite and downstream, (2) to characterize the 
type .and extent of contamination in surfixe waters, and (3) to assess compliance with surface 
water quality standards. This program evolved in several steps over time: 

0 1979. DOE established surfice water sampling stations at three locations-W-3 at the 
upstream limit of the millsite, W-2 at a seep on the millsite itself, and W-4 about 100 m 
downstream fiom the millsite. The constituents monitored included radium-226, metals, 
nitrates, and major anions. 

0 1981-1983. DOE added a fourth station (the Sorenson site), about 1.3 miles downstream 
from the millsite, to the sampling network in 198 1. In addition, on-site seeps, nearby 
ponds, and other locations were sampled to mroe precisely define surfixe water 
contamination downgradient of the millsite and to evaluate the validity of site W-3 as a 
background sampling station. However, not all of these sites were routinely monitored 
thereafter. The Montezuma Canyon site, located near the confluence of Montezuma and 
Verdure Creeks, about 6 miles downstream fiom the millsite, was one of the surface water 
monitoring stations established in this interval. ‘i 

0 1984-1986. A total of 10 sites were sampled at varying fiequencies during this period. 

0 1987-1991. 
program with the intent of detecting only major changes in water chemistry. Following 
this change, the new goals of the monitoring program were (1) to verify compliance with 
State surface water quality standards, and (2) to detect changes in water quality occurring 
after the start of remedial action. 

From 1987 to April 1991, monitoring was scaled back from the previous 

The early investigations identified several relationships between contaminant sources on and near 
the millsite and water quality in the receiving stream. These relationships included the following: 

e While the major sources of Contamination are on the millsite, some contaminants enter 
Montezuma Creek at points upstream of the millsite. 

e Although significant contamination enters the creek as it crosses the millsite, ground-water 
inflows just below the millsite also transfer high levels of contamination fiom the tailings 
piles to the creek. 

0 Contaminant llevels at points hrther downstream vary with stream stages, especially 
during the spring runoff, and with the relative contribution of ground-water base flow 
from non-millsite sources. 

0 In the deep canyon downstream from Vega Creek, uranium concentrations reflect both 
contaminants derived from the millsite and naturally occurring uranium fiom mineralized 
formations exposed in the canyon walls. 
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Only minor amounts of constituents attributable to uranium milling were found at upstream 
stations. Aluminum and arsenic were not detected at all; barium, iron, manganese, molybdenum, 
selenium, uranium, vanadium, and zinc were found in low concentrations. The 198 1-83 studies 
concluded that the upstream monitoring sites did not truly reflect background water quality 
because of their proximity to the millsite. However, these sites remained in use for general 
monitoring purposes. 

On the millsite proper, uranium concentrations in the stream began to rise at points upstream fiom 
the tailings piles. Arsenic, molybdenum, vanadium, and uranium all increased at Site W-2, where 
a seep fiom the Carbonate Pile entered the creek, and uranium, molybdenum, selenium, vanadium, 
and radium-226 continued to increase below the Vanadium Pile. However, the highest levels of 
molybdenum and uranium were found downstream fiom the millsite. These high concentrations 
indicated that major contributions from the upper ground-water flow system to the creek occurred 
below the drop structure at the east boundary of the millsite. 

Further downstream fiom the millsite, uranium concentrations at the Sorenson site depended 
heavily on discharge levels in Montezuma Creek. Concentrations decreased during periods of 
high flow (fkom March to June) and increased during base-flow periods (fiom July to February). 
In the canyon south of the Vega Creek confluence, elevated uranium levels typically occurred at 
the Montezuma Canyon site. Additional sampling in the canyon showed that a sigdicant part of 
this uranium leached directly from the mineralized Salt Wash Member of the Momson Formation, 
which cropped out in the canyon walls above the sampling station. Variations in concentrations 
of all solutes apparently reflected dilution by spring runoff and by inflows of better-quality ground 
water fiom the Entrada Sandstone (DOE 1990). 

3.2.3 Pre-wp/FS Activities 

After issuance of the 1990 RIFS-M, the emphasis shifted from routine monitoring to studies 
that focused on potential remediation of OU 111. Expanded chemical analyses showed that, in 
addition to the radionuclides, metals, and general chemistry constituents reported earlier, the 
gross alpha activity and nitrate concentrations in millsite surface water exceeded State and1 Federal 
standards (DOE 1992b). Other work supporting the OU I11 RI/FS included the following. 

0 1992-1993. An OU 111 baseline characterization that began in November 1992 included 
four surface water sampling events at 16 sites. In addition to the four existing stations on 
the creek (W-2, W-3, W-4, and Sorenson), DOE sampled nine new sites along 
Montezuma Creek. Three of these were upstream from the millsite, two were on the 
millsite, and four were located downstream. The remaining four sites were ponds or seeps 
at the millsite. DOE also began monthly streamflow measurements at the 12 sites on 
Montezuma Creek. A baseline characterization report (DOE 1994c) documents the 
results, which are summarized in Section 4.4 of this work plan. 

e 1994. DOE made a hydrogeologic reconnaissance to aid in developing a hydrologic 
conceptual model for the MMTS. This reconnaissance included mapping the seeps and 
springs on the north and south flanks of upper Montezuma Creek. The goal of this work 
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was to assess the occurrence and significance of interflow between upper Montezuma 
Creek and the upper ground-water flow system on the W S .  The locations of seeps and 
springs indicated the approximate levels of shallow ground water and supplied a basis for 
interpreting the extent and magnitude of contaminant migration to the stream. 

The 1992-93 results showed that gross alpha activity and molybdenum, selenium, and uranium 
concentrations in the creek tended to be higher immediately downstream of the millsite than 
upstream of, or at, the millsite. Ground-water seeps were visible along the creek below the 
millsite, and stream flows increased steadily along a 1 .2-mile reach downstream from the east 
millsite boundary. Higher concentrations of tailings-related contaminants were found in samples 
from ponds and seeps than in those from Montezuma Creek because the ponds and seeps were in 
direct communication with the millsite ground watei and undiluted by stream runoff. 

Concentrations of TDS exceeded State standards in samples fiom the upstream sites. At the 
millsite locations, the levels of selenium, TDS, and gross alpha activity exceeded the standards. 
Levels of arsenic, iron, nitrate, selenium, TDS, gross alpha and beta activity, radium-226, and 
radium228 exceeded State standards in one or more of the pond and seep samples. Downstream 
fiom the millsite, samples from the creek exceeded standards for iron, pH, selenium, TDS, gross 
alpha activity, and gross beta activity. No signiscant amounts of any organic compounds on the 
Target Compound List (TCL) were found in surface water samples (DOE 1994a). 

The hydrogeologic reconnaissance mapped five perennial seeps on the north slope of the MMTS, 
north of the millsite. One spring (Slade Spring) was found on upper Montezuma Creek, south of 
the BLM compound. No significant perennial seepage was found on the south slope. Three of 
the seeps on the north slope (Pehrson 1, Pehrson 2, and Upper North Drainage) were surveyed 
and sampled for water quality. The remaining two (Clayhill and Goodknight), as well as Slade 
Spring, will be surveyed in 1995 

3.3 Ground1 Water Investigations 

3.3.1 Sequence of Investigations 

Ground-water investigations at the MMTS focus mainly on three hydrogeologic units present on 
and near the millsite: 

m an upper ground-water flow system, including the alluvial aquifer of Montezuma Creek; 

e the Mancos ShaleDakota Sandstone aquitard; and 

m the Burro Canyon aquifer, including ground water in the BUKO Canyon Formation and 
certain basal units of the Dakota Sandstone. 

Section 2.4, "Hydrologic Setting," and Section 4.4, "Baseline Characterization," of this Work 
Plan describe these hydrogeologic units, their interrelationships, and the quality of the water in 
them. Three categories of ground-water investigations exist: 
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Drilling of exploratory monitoring wells, followed by routine measurement of water levels 
and waterquality sampling, with a concentration on radionuclides, metals, and major ions. 
These data were reported in the 1990 RIES-EA, although monitoring has continued 
since then. 

Water levels and sampling results derived fi-om remedial design investigations conducted 
for OU I. These sampling data likewise emphasize on radionuclides, metals, and major 
ions. Some of this work began before issuance of the 1990 NRSE;Q; however, the data 
were reported in various design reports (cited below) rather than in that document. 

Hydrogeologic characterization and expanded water-quality sampling and analysis planned 
specifically to support development of the OU III RVFS Work Plan. 

LJ 

This section briefly summarizes the three categories. Plate 2-2 shows the locations of the 
monitoring wells referenced below. 

3.3.2 Groundwater Monitoring Reported in the 1996) IWFS-EA 

DOE first monitored ground-water levels and quality in 1980. However, the sophistication and 
extent of the monitoring program improved greatly after about 1984. Major steps in the evolution 
of the program included the following. 

rn 

0 

0 

1980-1982. DOE installed five shallow wells into the upper ground-water flow system at 
the millsite area in 1980. However, these wells were screened across more than one 
water-bearing unit and the well casings were loose so that foreign matter could fall into 
the annular space around the casings. For these reasons, samples fiom them do not 
necessarily represent conditions in the upper flow system accurately. DOE also sampled 
four privately owned wells, one at a downstream location and three upgradient from the 
millsite. The samples were analyzed for radiological constituents, metals, and inorganic 
major ions. DOE sampled these wells semiannually until 1982 (DOE 199Oa). 

1982. DOE installed 32 monitoring wells in the upper ground-water flow system. Ten of 
these wells were screened across the upper flow system and parts of either the Mancos 
Shale or the Dakota Sandstone. In spring 1983, DOE performed slug tests in 14 of the 
monitoring wells to obtain estimates of hydraulic conductivity. Results of the 1982 field 
studies are documented in a Site Analysis Report (Bendix 1984) and in the RIIFSEA. 

1983-1984. Eight boreholes were drilled and cored into the Dakota Sandstone and the 
BUKO Canyon Formation. Five of the boreholes were completed as monitoring wells, 
three (84-75, 84-76, and 84-77) in the BUKO Canyon aquifer and two others (83-70 and 
84-74) in both the Dakota Sandstone and the Burro Canyon aquifer. DOE sampled all 
five wells in 1986 and continued sampling one of them (84-74) through July 1993, giving 
the results in the annual environmental monitoring reports. These five wells allowed water 
quality in the Dakota Sandstone and BUKO Canyon aquifer to be compared at upgradient 
(but east of U.S. Highway 191), millsite, and downgradient locations. Three pumping I 1  
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tests were made at well 83-70 to estimate the hydraulic properties of the Burro Canyon 
aquifer. The test results were reported in DOE (1984) and in the RIfiSm. 

1986-1988. DOE completed three wells in the upper ground-water flow system at the 
millsite in 1986 and 10 more wells in 1988. Pumping tests were made in two of the wells 
to aid in evaluating on-site stabilization alternatives for mediating the tailings. The 1988 
results were documented in a summary report (DOE 1988~). 

m 1987. Semiannual sampling resumed at 13 monitoring wells located upgradient, on site, 
and downgradient of the millsite. The analytes included gross alpha activity, radium-226, 
radium-228, uranium, vanadium, arsenic, selenium, molybdenum, and nitrate. Total 
alkalinity, pH, and specific conductance also were measured to detect changes in general 
water-quality characteristics. Water levels were measured quarterly (DOE 1988a). 

The results of these investigations are discussed in later sections of this Work Plan. However, 
some of the primary findings include the following: 

0 

m 

m 

Water-quality data obtained before 1987 are of limited value for quantitative analysis 
because they, or the wells from which they were obtained, did not conform to technical or 
quality-assurance protocols that are now (1995) standard practice. Data collected after 
sampling resumed in 1987 are significantly more reliable. 

Qualitatively, the older data indicatedl widespread contamination of the upper ground- 
water flow system by radionuclides and metals in the millsite area. Nitrates, sulfates, and 
chlorides were also present at elevated levels. 

The data confirmed findings of the surface water studies that contaminants tended to move 
along the valley floor from the tailings piles to downstream reaches of Montezuma Creek. 

No evidence of millsite-related contamination was found in the limited investigation of 
waters in the Dakota Sandstone and the BUKO Canyon Formation. 

3.3.3 Operable Unit I Remedial Investigations 

Upon completing the RI/Fs--EA, DOE made several investigations to support implementation of 
the selected remedies for OU I. These design-stage investigations focused on either the millsite or 
the area south of the millsite (the South Site) proposed for permanent storage of the uranium mill 
tailings and related contaminated materials. However, many data regarding hydraulic properties 
and water quality in bedrock hydrogeologic units can be extrapolated to OU I11 conditions. 

0 P989-199# Characterizations of the South Site. DOE obtained a hydrogeologic and 
geotechnical study of the South Site in 1989 and 1990 to evaluate its suitability for the OU 
I repository. This study included the drilling, logging, and geotechnical sampling of 82 
drillholes, in which monitoring wells were installed and developed. Most of these wells 
penetrated only a short distance into weathered Mancos Shale. However, 14 drillholes 
were carried deeper into the Mancos Shale, the Dakota Sandstone, or the BUKO Canyon 
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Formation by and rotary core drilling. Both field packer tests and laboratory permeability 
tests were performed. A FinaZ Report (Golder Associates Inc. 1990) presented the results 
of this characterization. Additional studies were made in 1991 to hrther define 
hydrogeologic conditions, aid in locating the repository w i t h  the overall South Site, and 
evaluate the properties of potential construction materials (Golder Associates Inc. 199 1). 
These included auguring 15 more drillholes and coring four angled drillholes to evaluate 
fracturing in the lbedrock formations. Thirteen of the auger holes were completed as 
piezometers or monitoring wells. Packer tests were made in the angled drillholes, and a 
short-duration pumping test was made in a well penetrating the weathered Mancos Shale. 

1991 Characterization of the Millsite. A field investigation began in 1991 to gather 
design-level geotechnical, hydrogeological, and radiological data at the millsite and the 
BLM area. ;This work included installing 38 monitoring wells and 20 standpipes in the 
Montezuma Creek alluvium and one monitoring well in the Mancos Shale, developing the 
monitoring wells, performing well-recovery tests, and collecting and testing geotechnical, 
chemical, and radiological samples. The results of this investigation were reported in a 
Revised Final Report (Dames & Moore 1992). 

1993 Evaluation of Repository Alternatives. In April 1993, DOE began investigating 
proposed alternatives to constructing a repository on the central part of the South Site. 
The goal was to obtain enough hydrogeologic, geotechnical, regulatory, civic, and cost 
data for each alternative to determine if the selected remedy for OU I should be changed. 
Two of the alternatives were (1) to stabilize tailings and other contaminated materials in a 
repository on the millsite, and1 (2) to build a repository on the north part of the South Site, 
adjacent to the millsite. The field work to assess these two alternatives included installing 
- new monitoring weIls, packer testing, geophysical logging, water-level measurements, 
and ground-water sampling. In addition, work began on a MODFLOW numerical model 
of two layers-the upper flow system and the Burro Canyon aquifer-at the millsite area 
using a 300- by 300-ft rectangular grid. This modeling was suspended at the calibration 
stage when DOE elected to drop the two alternatives from firther consideration.. A Data 
Summary Report (DOE 1994b) documented the work performed for this investigation. 

3.3.4 1992-1994 P r e - m S  Activities 

A review subsequent to the R I / F S E A  identified the modifications needed for a ground-water 
monitoring network to establish baseline conditions. Some previously sampled monitoring wells 
that were removed fiom the network because they were not representative of ground-water 
conditions (e.g., background location, specific hydrogeologic units) (DOE 1992e). Following this 
review, a baseline characterization study began in September 1992 to assess the nature and extent 
of pre-remediation contamination in surface and ground waters at the MMTS. This work 
included mapping the seeps and springs on either side of upper Montezuma Creek to evaluate the 
occurrence and significance of shallow ground-water flow fiom the flanks of upper Montezuma 
Creek to the central portion of the upper flow system on the MMTS. Mapping of seeps and 
springs would indicate approximate shallow ground-water levels in these areas where few to no 
wells exist and allow a more valid extension of the upper flow system ground-water elevation 
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contour map outward fiom the upper Montezuma Creek area. Because the north and south 
flanks of the MMTS are considered upgradient sources of ground water to the upper flow system 
on the MMTS, background water quality in these areas was also of interest. Background water 
quality information of upgradient sources has potential application to OU III remediation goals. 
including input to the ground-water model. The results of the baseline characterization are 
reported in the MonticeIIo Mill Tailings Site, Operable Unit III, Baseline Characterization Data 
Summary (DOE 1994c) and are summarized in Section 4.4 of this report. 

Upon completion of the baseline characterization, the monitoring network and the sampling 
strategy were altered. Several analytes (antimony, beryllium, cyanide, mercury, and strontium) 
were deleted from the sampling network because of their consistently low concentrations or lack 
of association with uranium mill tailings. Some wells were replaced in the sampling network 
because of low water volume, and1 some wells were abandoned (DOE 1994a). Surface water and 
ground-water monitoring will continue at least through completion of the OU III RVFS. 

A private well survey was conducted in 1994 to obtain additional water-level information north of 
the MMTS. Ground-water elevations north of the MMTS would allow the construction of local- 
scale (2-mile radius of MMTS) ground-water elevation contour maps that would be used to 
calculate local ground-water gradients and verify conceptual flow directions. Of30 private 
owners contacted, only 5 owners volunteered to have water-level measurements taken at their 
wells. The results of these measurements are of limited use because of the high uncertainty of 
relating water levels to well-screen locations (as a result of poor drill1 log information), and the 
overall sparsity of measurements. However, other information gained fiom the private well 
survey was that both private individuals and public (City of Monticello) owners of deep wells 
(lower Dakota Sandstone, Burro Canyon) do not operate them often. Some wells have remained 
dormant for ten years or more, depending on spells of drought. A representative of the City of 
Monticello stated that as demand for municipal water increases with population growth, other 
surface water rights would be pursued before supplementing demand with a major pumping 
operation (Schafer 1994). 

Forty-six slug tests were performed on upper flow system wells during the summer of 1994. The 
goal of the slug test program was to support the hydrologic site conceptual model by gaining a 
more complete understanding of the spatial variability of hydraulic conductivity estimates, and 
therefore, the scale of heterogeneity of the upper flow system deposits, over a broad1 area of the 
MMTS. In addition, the resulting extensive distribution of hydraulic conductivity data would 
suppIement previous pumping test conductivities as input to the OU IFI ground-water model. The 
objective was to conduct slug tests on wells that were screened in native alluvium upgradient, on, 
and1 downgradient of the millsite. Of the 46 tests conducted in 1994, 4 were upgradient, including 
1 duplicate; 26 were on the millsite, including one duplicate; and 16 were downgradient, including 
3 duplicates. The arithmetic and geometric mean for all 46 tests was 1.2 x lo-* and 1.7 x 
cdsec, respectively. The range was 5.2 x lo-’ to 1.5 x 10” cdsec. The contribution of the slug 
testing work to the overall site conceptual model is discussed in Section 4.7.3. 
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3.4 Sediment Investigations 

3.4.1 Sequence of Sediment Investigations 

Three studies were performed lbetween 1982 and 1987 to investigate sediments contaminated by 
radium-226 along the upper and lower portions of Montezuma Creek. Except in the first (1 982) 
investigation, analyses were not made for other radioactive or nonradioactive constituents of 
uranium mill tailings. In 1994, DOE began several sediment-related studies specifically planned to 
support the OU III RI/FS Work Plan. The 1994 work included limited confirmatory sampling of 
soil and sediment deposits for both radionuclides and metals. Appendix B summarizes the 
analytical results, field measurements, and sample locations for the various investigations. 

R 

3.4.2 1982 Sediment Sampling 

In 1982, DOE sampled sediments at 15 sites along the Montezuma Creek channel fiom about 
1 mile upstream of the millsite to about 4.25 miles downstream from the confluence with Vega 
Creek (Appendix B, Figure B-1). Of the 15 sites, 1 site was located upstream of the millsite 
(west of U.S. Highway 191), one site was in the middle of the millsite, 8 sites were between the 
millsite and Vega Creek, and 5 sites were downstream from the Vega Creek confluence. At 14 
sites, 3 discrete sediment samples were collected from various positions in or, adjacent to the 
creek channel. At the remaining site, 1 sample was obtained by scraping surface coatings fiom 
rocks in the channel. All samples were analyzed for radium-226, uranium, vanadium, 
molybdenum, arsenic, and selenium. The results of the 1982 study were reported in an internal 
memorandum, Stream Sediment Survey of South Creek andMontezuma Canyon (Bendix 1982). 

At the upstream site, radium-226 activities ranged from 0.4 to 1 .O picocune per gram (pCi/g); 
those for uranium were less than or equal to 1 .O pCi/g. Vanadium ranged fiom 65 to 85 parts per 
million (ppm), molybdenum ranged from 4 to 7 ppm, and arsenic ranged from 4 to 6 ppm. 
Selenium concentrations were below the detection limit of 5 ppm. 

Radium-226 activities ranged fiom 1 to 54 lpCi/g downstream from the millsite and equaled or 
exceeded 5 pCi/g at all locations between the millsite and a site one-eighth mile below the Vega 
Creek confluence. Elevated concentrations of uranium and vanadium also were detected in these 
samples. Selenium was not detected at a detection limit of 5 ppm, and molybdenum and arsenic 
did not vary significantly from background in any of the samples. All samples collected firther 
downstream than one-eighth mile below the Vega Creek confluence contained radium-226 and 
uranium at approximately background levels (Bendix 1982). 

3.4.3 1984 Radiological Characterization 

DOE conducted a radiological characterization of peripheral properties near the millsite in July 
and August of 1984. The main study area was a section of Montezuma Creek between the east 
boundary of the millsite and a point about 6,000 feet east of the millsite (Appendix B, Plates B-1 
through B-8). A total of 52 sites were sampled in this area. In addition, one site was located at 
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the Vega Creek confluence and two sites were located about 1,250 ft west of Vega Creek, one 
along Montezuma Creek and one along an unnamed tributary. Results of the characterization 
were reported in Bendix (I 985) and are tabulated in Appendix B, Tables EL2 and B-3. 

Most of the sample sites were on the banks of the creek in depositional areas; none were located 
in the ponds along the creek. At each site, sediment samples were collected in 6-inch intervals 
from shovel holes. Measurements of radium226 activity were made at each interval using a delta 
scintillometer. Sampling continued to a maximum depth of 24 inches or until field measurements 
indicated a radium226 concentration lower than 6.0 pCi/g. Gamma exposure rates also were 
measured at ground level and waist level. Laboratory analyses for radium-226, thorium-232, and 
potassium40 were performed on the samples. However, elemental analyses for uranium or other 
metals were not made. At several sites, both laboratory and field data showed radium-226 
activities lhigher than 15 pCi/g at the 24-inch maximum depth. The highest Ra-226 concentrations 
occurred along the tops of the banks rather than at the water level. At isolated locations, ground- 
level gamma exposure rates exceeded the average background by a factor of ten (Bend= 1985). 

A background study was made during 1984 to estimate average gamma exposure rates and 
radium226 activities attniutable to natural sources. Four background locations assumed to be 
representative of local geological conditions were selected within a few miles of the millsite. At 
each site, 6-inchdeep soil samples were collected fiom two discrete locations for submission to 
the laboratory and gamma exposure rates were measured with a pressurized ionization chamber. 
The resulting estimates of average background were 1 .O pCi/g for radium-226, 1.7 percent for 
potassium-40, 7 ppm for thorium-232, and 15 microroentgens per hour (pwh) for the gamma 
exposure rate (Bendix 1985). 

3.4.4 1985 Geotechnical and Radiological Characterization 

A geotechnical and radiological characterization of the millsite and nearby peripheral properties 
was made in August 1985 to support preliminary design of remediation concepts. This work 
included the auguring of 22 drillholes and the coring of eight drillholes, downhole radiologic 
logging, in-place permeability testing, and (4) collection of soil samples fiom contaminated areas 
and potential sources of borrow material for geotechnical and radiological analyses. Results of 
this characterization are reported in a Data Collection for Enpneering report (Bendix 1986). 

3.4.5 1987 Sediment Sampling 

DOE sampled sediment along upper and lower Montezuma Creek again in July 1987 to support 
preliminary engineering design for the peripheral properties. Ten sample sites were established at 
intervals of approximately 1,000 feet along the creek, beginning 4,000 ft. east of the millsite and 
ending at the Vega Creek confluence (Appendix B, Tables B-2 and1 B-3). The sites were selected 
visually to be representative of a variety of stream-channel physical characteristics. At each site, 
discrete samples were collected in the creek bed and on each bank to give a cross section of the 
sediment deposits. Where practical, sample points were also located outside of the apparent 
depositional areas on both sides of the creek. However, samples were not collected from any of 
the ponds along Montezuma Creek. The results were reported in a Supplemental Data Release e (DOE 1991b) and are tabulated in Appendix B, Tables E 2  and B-3. 

DOE-GJPO Previous Investigations September 1995 
RIFS Work Plan DRAFT FINAL Page 3- 15 



Samples were colected fiom shovel holes at six-inch intervals to a minimum depth of 12 inches. 
If delta-scintillometer measurements indicated elevated radium226 levels, additional samples 
were collected at greater depths. Sampling continued to a maximum depth of 24 inches unless an 
obstruction was encountered. All samples were analyzedl for radium-226, thorium-232, and 
potassium-40, but elemental analyses were not made for uranium or other metals. Gamma 
exposure-rate measurements were not made (DOE 1991b). 

The 1987 data indicated that radium-226 levels in sediments along the creek banks were usually 
higher, and extended to greater depths, than those in the creek bed. The highest radium226 
activity measured in samples collected on the banks was 208 ,pCig at a depth of 18 to 24 inches. 
At several locations along the banks, field and llaboratory data yielded radium226 activities 
exceeding 15 pCi/g to depths greater than 24 inch&. In samples collected fiom the creek bed, the 
highest radium-226 activity was 42 pCi/g measured at a depth of 0 to 6 inches. Samples fiom 
depths greater than 6 inches in the creek bed displayed activities lower than 8 pCi/g. 

3.4.6 B994 Blre-RVFS Activities 

3.4.6.1 1994 Gamma Radiation Exposure Rate Survey 

DOE surveyed gamma exposure rates at ground level in April 1994 to define the approximate 
extent of radiological contamination in OU 111 and to judge if the contamination displayed any 
pattern that suggested a sampling stratification. This suxvey covered Montezuma Creek and its 
floodplain from the west boundary of Property MP-00951 to about 0.5 miles below the Vega 
Creek confluence. Within Properties MP-0095 1 and MP-00988, the survey extended only to the 
already defined boundary between OU III and the OU II peripheral properties. Fieldwork 
consisted of scanning the survey area with a scintillometer to locate contours at predetermined 
values of gamma exposure rate. The scintillometer, an analog rate meter with a detector assembly 
mounted on an extended-arm aluminum crutch, measured gross gamma activity in counts per 
second (cps). These readings were converted to gamma activity in microroentgenhour (pR/hr) 
using instrument-specific calibration factors. 

The average background gamma exposure rate of 15 kR/hr (Bendix 1985) approximately 
corresponded to a scintillometer count rate of 125 cps. On this basis, the contour values to be 
located1 were set at 130 percent of the background count rate (1 60 cps, or about 18 plUhr), 200 
percent (250 cps, or about 24 pR/hr), and 1,000 percent (1,250 cps, or about 97 pR/hr). The 
scintillometer operators marked each contour on the ground with paint. Each contour was then 
plotted on a field map by referencing survey points and topographic and structural features. The 
field maps also recorded the minimum and maximum gamma activities for each area enclosed by 
the contours and the locations of patches of elevated gamma exposure rate too small to map 
accurately. Plates B-1 through B-8 present the resulting data. 

3.4.6.2 1984 Photographic and Site Reconnaissance 

In March and April 1994, DOE studied aerial photographs, dating fiom 1937 through 1989, of 
Montezuma Creek between the millsite and the reach below the Vega Creek confluence. The 
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purpose of this study was to map geomorphologic f m s  that might define useful sampling 
strata, to map the migration of Montezuma Creek across its floodplain in the period since the mill 
began operation, and to assess the permanence of ponds and impoundments along the creek 
during that period. It was originally hoped that the study would resolve specific depositional 
settings such as point bars and overbank deposits as the creek meandered and shifted position 
over time. These presumably would be llogical locations for contaminant accumulations. 

The aerial photography study yielded mixed results. First, it found that the Montezuma Creek 
channel had not shifted discernibly since 1937. The creek channel1 is slightly incised so that 
meanders are inactive in this time fiame. It is apparently at steady-state equilibrium in graded 
time (Schumm 1977). A shift from equilibrium requires a threshold-crossing flood; that is, one 
large enough to alter the channel form. Such a flood evidently has not ockurred since 1937. 
Point bars formed in this period are small-scale, transient deposits along the active channel, and1 
post-1937 deposits elsewhere on the floodplain are mostly overbank deposits, regardless of 
whether they occur on the insides of meanders or elsewhere. Second, the study could not resolve 
specific depositional1 settings without field mapping because of the scale and quality of the 
photography. The interpreters could resolve the limits of the channel itself and of the floodplain, 
but could not distinguish individual bars or subtle differences in the low-level terraces. Third, the 
study results show that the beaver ponds in the reach above the narrow canyon segment of 
Montezuma Creek were persistent features in all the photographs since 1937, However, the 
interpreters could not resolve the smaller ponds individually in all photographs, nor could they 
determine if the ponds had been breached and reconstructed. 

Because the photographic study was inconclusive, a field reconnaissance was made on May 5,  
1994 by an ecologist, an engineer, geologists, and a specialist in river mechanics and fluvial 
geomorphology. The areas visited included the beaver ponds east of the millsite, the reach fiom 
the abandoned cabin to about 0.5 miles below Vega Creek, and the confluence of Montezuma and 
Verdure Creeks. Major observations include 

0 

0 

The channel near Verdure Creek is deeply incised, probably reflecting the general arroyo 
formation that began about 1880 throughout the southwest. However, the channel in the 
canyon near the Vega Creek confluence is relatively unincised due to bedrock control. 

Closure of the Monticello Reservoir dam on South Creek may or may not have reduced 
sediment movement in Montezuma Creek after 1985. Most years since 1985 were drier 
than normal, so reduced stream flows cannot not be attributed solely to the dam. In the 
hture, the dam will reduce peak discharges from snowmelt and general storms but may 
not affect thunderstorm floods as much. Thunderstorms yield high rainfall intensities over 
small areas, so that a thunderstorm centered elsewhere in the watershed could produce a 
large flood on Montezuma Creek without any flow contributed by South Creek. 

The main stem of Montezuma Creek shows little evidence of llarge floods in recent years. 
However, recent bank erosion and relatively unvegetated flash-flood deposits indicate that 
Verdure Creek apparently has undergone such a flood within the past few decades. 
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The bed material is mostly sand sized. Finer-grained sediment apparently moves as wash 
load rather than bed load .during periods of high discharge. Little or no sediment moves 
as either bed load or wash load during low-flow periods. Discharges large enough to 
move significant amounts of streambed sediment may occur a few times a year, probably 
in response to summer thunderstorms. The creek is now degrading its channel, with more 
sediment leaving the reach than entering it. 

The active stream channel has an estimated conveyance capacity of about 20 to 30 @Is. 
The floodplain and low-lying terraces can convey flows of about 500 ft3/s. The vegetation 
age classes present on various terrace levels suggest that floods of about 100 to 500 fl?/s 
may occur every 2 to 5 years. 

Except in e d d y s  behind obstructions and a few sandbars, the channel sediments appear fiee 
of radiological contaminants. The character of the sediment and the stream suggest that 
contaminants in the streambed largely have been flushed fkom the system or reworked and 
redeposited as other types of sedimentary deposits. 

In the canyon near Vega Creek, surfaces about 1 to 3 ft. above the stream often displayed 
higher gamma exposure rates than did lower lying areas. The relatively lower gamma 
exposure rates near stream level may reflect nondeposition of contaminated sediment near 
the stream, later erosion of contaminated sediment deposits, deposition of uncontaminated 
sediment over contaminated sediment, or combinations of these processes. 

The exposed margins of beaver ponds yielded gamma exposure rates that were among the 
highest recorded (as high as 157 pFth). Radioactive tailings slimes too fine-grained to be 
preserved elsewhere in the canyon may form deposits in the ponds and bogs. 

Contaminant levels along steep, narrow reaches of the canyon may be llower than 
elsewhere because lhigh turbulence in these reaches during floods may tend to keep 
contaminated sediments in suspension. 

Riparian vegetation has partially stabilized contaminated sediments at ;higher levels on the 
floodplains and terraces. Large-scale re-entrainment of these sediments would require a 
flood1 large enough to destroy the vegetation and scour out the surficial soil. 

3.4.6.3 1994 Confirmatory Soil Sampling 

In mid-1994, the DOE, EPA, and the State agreed that the existing radium226 data were 
insufficient to support development of the RVFS without confirmation. Accordingly, DOE 
conducted a limited-scale investigation of soil contamination starting about #,950 ft. east of the 
millsite and ending just past the Vega Creek confluence. A few sediment samples fiom ponds 
along Montezuma Creek were also obtained. The goal of this investigation was to confirm or 
qualify the 1984-87 data and to provide supporting data for the RVFS and1 for DOE'S own use. 
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For radiological contamination, replicate measurements were made at 14 of the 1984-87 locations 
using the same field methods (Plates B-1 to B-8). Sampling continued at each location until the 
radium-226 activity fell below 5.0 pCi/g, or to a maximum depth of 24 inches. This sampling 
strategy yielded 40 samples, not including quality-control samples. In addition to laboratory and 
field measurements of radium-226, gamma exposure rates at the ground surfice were measured 
and laboratory analyses of radionuclides and metals were made. Grab samples were collected 
from the uppermost 6 inches of sediment near the inlets of the two ponds nearest the millsite. 
These samples were also submitted for laboratory analysis of radionuclides and metals. Tables 
B-4 and B-5 (Appendix B) summarize the results for metals and radionuclides, respectively. 

3.5 Ecological Investigations 

3.5.1 Summary of Ecological Investigations 

Previous ecological investigations include surveys of aquatic biology, vegetation, and wetlands 
and a literature search to compile a potential list of threatened, endangered, and sensitive species 
of concern in the Monticello area. Ecological and human health risk assessments also were made 
for OU I and OU II. These were documented in the RI/FS--E;Q (DOE 1990b). 

3.5.2 Aquatic Biology Studies 

An aquatic biology survey of Montezuma Creek was made at four sampling stations along the 
creek in September 1988. The sampling stations included: 

Station A, just upstream of the millsite; 
Station B, just downstream of the millsite; 
Station C, about three-quarters of a mile east of the millsite; and 
Station D, approximately 0.5 mile upstream of the confluence of Montezuma Creek and 
Vega Creek. 

Samples were collected along transects at Stations B, and C, while only qualitative data were 
collected at Station D. Results of the 1988 survey are documented in An Aquatic Biology Survey 
(BIONEST, Inc. 1988). 

The flow rate, gradient, depth, velocity, stream width, substrate, pool-riffle habitat ratio, and 
presence of aquatic vegetation were described in the field. Both historic (before construction of 
Loyd's Lake) and recent flow regimes of Montezuma Creek were considered. Water samples 
were analyzed for temperature, pH, total' alkalinity, iron, sulfate, and specific conductance. The 
periphyton, phytoplankton, benthic macroinvertebrates, and fish were surveyed to determine of 
species composition, diversity, and abundance. Periphyton were collected by scraping cobbles, 
and phytoplankton were collected with plankton buckets. Benthic invertebrates were collected 
using a modified Hess sampler at sites with cobble and rubble substrates. A ponar dredge was 
used for sand or silt substrates. A generator-powered backpack electroshocker was used to 
sample for fish, but none were found (BIONEST, Inc. 1988). 
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The survey indicated that periphyton was relatively diverse and composed of species that were 
primarily aIkaliphilious, tolerant of moderate to high conductivities, or relatively indifferent to 
water quality. A true plankton population was not found. Instead, the plankton component was 
composed of periphyton species entrained into the water column. Periphyton and plankton did 
not appear to be adversely affected by water quality within the study area. The survey also 
indicated that aquatic invertebrates were relatively abundant. Species composition mainly 
consisted of taxa that were tolerant to a wide range of water quality conditions. Invertebrate 
diversity and densities were highest in the lower portions of the study area. 

3.53 Vegetation Studies 

Western Resource Development Corporation conducted a vegetation survey in 1988. A plant 
ecologist mapped croplands and native vegetation types in Montezuma Canyon and made 
quantitative field studies to estimate cover, production, and woody plant density for the three 
native vegetation types (riparian, mixed-shrub shrubland, and rubber-rabbitbrush shrubland). 
Results of the vegetation study are reported in Monticello Remedial Action Project Peripheral 
Properties Vegetation Survey 1988, San Juan County (Western Resource Development 
Corporation 1988) and in the RLFSEA. 

3.5.4 WetPmds Studies 

In August 1989, representatives of the U.S. Army Corps of Engineers and1 the DOE surveyed1 
Montezuma Creek canyon representatives to estimate the wetlands acreage in the vicinity of the 
MMTS. However, this assessment did not constitute an official wetlands assessment. Eight 
wetland zones were tentatively identified between Highway 19 1 and the Vega Creek confluence 
for an estimated a combined area of 18.35 acres. Results of the wetland assessment are reported 
in Monticello Remedial Action Project, Floodplain/Wetlands Assessment (DOE 1990~). Because 
wetlands were only roughly delineated during this assessment, a more accurate wetlands 
assessment will be required. 

3.5.5 Threatened and Endangered Species. 

The Montezuma Creek canyon was surveyed for endangered plant species as part of the I988 
vegetation survey (Western Resource Development Corporation 1988). This study identified the 
Uinta Basin lhookless cactus (threatened) and the spineless hedgehog cactus (endangered9 as plant 
species of concern. Since then, however, both species have been delisted. A literature search 
made in 1993 indicated no threatened' or endangered plant species specifically known to exist in 
the Montezuma Creek area. However, 

Table 3.5-1 llists threatened, endangered, proposed endangered; probably extinct, candidate, and 
sensitive plants and animals expected to inhabit, or that once inhabited, San Juan County (US. 
Fish and Wildlife Service, personal communication, 199?). 
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Table 3.5-I nreatened and Endangered Species Listed for San Juan Coumzy, Utah 

Fedeaallv Lkted Smcies. bv Cateoow 

m (E) (PE) (3A) 
Threatened Endangered Proposed Endangered Probabiy Extinct 

Navaho Sedge Bald Eagle (paposed for Mexican Spotted Owl Ret113 (and Vegas Valley) 
downhsbng to threatened steirrs 
m Utah m 1994) 

Leopard Frog 

Peregrine Falcon 
Black-footed Ferret 

Bonytail Chub 
IHurnpback Chub 
Colorado Squawfish 

L 

Razorback Sucker 

Federally Listed Category 2 (C2) Candidate Species 
Allen's (Mexlcan) Bigeared Bat Western Least Bittern Navaho Mounmn Beardtongue 
Pales Townsends Big-eared Bat Northern Goshawk Beck Biscultroot 
Big Free-tailed Bat Ferruginous Hawk Alcove Bogorchid 

Spotted Bat Whrte-faced l h  Holein-therock Prairie Clover 

North Arnencan Lynx Western Burrowng Owl Depauperate Daisy 
Fringed Myobs (Bat) IBlack Tern Kachina Daisy 

Long-earedl Myot~s (Bat) Chuckwalla Slickrock Desert-parsley 
Small-footed Myot~s (Bat) Amona Southwestern Toad Jane's Globe-mallow 
Yurna Myobs (Bat) Roundtail Chub Copper Canyon Milkvetch 

Southwestern Otter Flannelmouth Sucker Cronquet Milkvetch 

La Sal Pika Great Basin Silverspot Butterfly Alcove Rock-dasy 
Navaho Mountain Mexlcan Vole 

North Arnencan Wolvenne 

Yavapai Mountain Snail Penstemon wandallit var atratus 
Psorothamnus thompsonae var. 

whittngii 

State of Utah-listed Sensitive Species 

Abets Squirrel Western Bluebird Glossy Snake 

Mountain Bluebird Desert Night ILPard Utah Milksnake 

3.6 Air Investigations 

3.6.1 Suanmmy of Air Investigations 

DOE established monitoring programs for atmospheric radon, air particulates, direct gamma 
radiation, and meteorology to define an air-quality baseline for the millsite and vicinity, and to 
veri@ compliance with Federal ambient air-quality and radiation-protection standards and DOE 
orders for radiation protection of the public. Upon remediation of the millsite, the monitoring 
strategy will change from environmental surveillance mode to effluent monitoring. The locations 
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of background monitoring stations for all components of the air monitoring programs are being 
reevaluated by DOE and EPA, with resolution expected during 1995. Although the monitoring 
programs focus on millsite conditions, some off-site monitoring results apply to OU III as well. 

3.6.2 Atmospherdc Radon Monitorkg 

Radon monitoring began in 1983 with the installation of monitors at 19 locations. After one year 
of coIlecting baseline data, the monitoring network was reduced to 8 representative locations. 
However, 7 more locations were added during the third quarter of 1993 in response to increasing 
levels of remedial construction. AU monitoring stations were installed at a height of about 
1 meter above the ground surface. Atmospheric radon concentrations measured between 1983 
and 1993 consistently exceeded the EPA standard at every on-site and edge-of-boundary 
location, as well as at one off-site location about one-third mile east of the millsite on the 
Montezuma Creek floodplain. 

Two real-time radon monitors were installed downwind (northeast and east) of the millsite in 
1992 to monitor the effect increased construction activity at the millsite on ambient radon 
concentrations. The monitoring data do not show increases in radon emissions in that time. Rose 
diagrams of prevailing wind trends and annual average wind magnitudes for the millsite weather 
station data are shown in Figures €3-2 and E 3 ,  respectively. 

3.6.3 Air Particulate Monitoring 

Monitoring of air particulates began in August 1983 using three high-volume air samplers located 
along the two predominant wind directions (east and north) and at a background site. In March 
1987, 10-micron selective inlets were installed in the samplers to allow only the respirable and 
biologically damaging particles to be collected. This change allowed direct measurement of the 
mass concentration of total suspended airborne particulate matter Ihaving nominal aerodynamic 
diameters less than 10 microns (PM,,). In November 1993, seven llow-volume radioparticulate 
samplers and two PM,, samplers were installed adjacent to the millsite and the City of Monticello 
in response to an increase in remedial activities. Mer addition of the low-volume radioparticulate 
samplers network, the five high-volume samplers were used for sampling nonradiological PM,, 
only. All measured radiological concentrations (totall uranium, radium-226, and thorium-230) 
have consistently been well below their respective derived concentration guidelines @CGs). 
Nonradiological concentrations of PM,, and lead (monitored fiom 1983 through 1991) also were 
consistently within their respective compliance levels. 

3.6.4 Direct Gamma Radiation Monitoring 

A direct environmental radiation monitoring program was initiated at the MMTS in April 1991 to 
assess the potential gamma radiation dose to persons on or near the millsite. Radiation 
measurements collected at 13 monitoring locations on the millsite and surrounding areas were 
monitored quarterly. In the fourth quarter of 1993, seven monitoring locations were added to the 
sampling network to f5rther define the off-site gamma dose. Only on-site locations yielded annual 
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average measurements greater than the DOE standard of 100 millirem (mem) per year; annual 
averages of measurements collected off site have consistently been below the DOE standard. 

3.6.5 Meteomlogid Data Recording 

Meteorological conditions are monitored at the millsite for use in dose modeling. A data- 
gathering station installed in 1982, hitially recorded temperature, relative humidity, wind direction 
and velocity, and barometric pressure. The station was upgraded in 1991 in response to DOE 
performance standards for meteorological monitoring equipment. However, data coIlection did 
not resume until November 1993 because of administrative and technical problems. 

3.7 Off-site Dose Monitoring 

Before 1993, site-specific data collected between 1981 and 1987 were used in off-site dose 
models to calculate collective population dose commitments caused by radon emissions fiom the 
millsite. The HFS-EA (DOE 1990b) lists the source terms calculated for the exposure rates, 
air-particulate concentrations, radon emissions, and models used to estimate the dose equivalents 
received by Monticello residents. In 1993, dose assessment modeling predicted a collected radon 
dose of 22 person-rem per year to individuals living within 80 kilometers of the millsite. 

Monitoring data collected' since 198 1 for air particulates, radon, and gamma radiation, along with 
a radon source term derived fiom predicted atmospheric radon concentrations (DOE 1990a), have 
been usedl to calculate the annual effective dose equivalent @DE) to a maximally exposed off-site 
individual living near the millsite. The calculated EDE has consistently been below the DOE 
standard of 100 mrem per year above background. 
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4.0 Remedid Investigation 

The QU III RI is being conducted in accordance with G u i k e  for conducting Remedial 
Investigmions and Feasibility Studies Under CERQA (EPA 1988), Data Quality Objectives . 
Processfir Supegimd (EPA 19938) and guidance specified in the NCP (40 CFR Part 300). 
These guidance documents are being used to ensure that the RI is implemented in a manner 
consistent with established EPA protocol and that the type, quality, and quantity of data 
collected will be sufficient to support informed and defensible risk management decisions. As 
discussed in Section 1.2, the OU III RI focuses on development of a baseline risk assessment, 
the results of which will be used to support remediation decisions regardmg the sedimedsoil 
and surface water/ground-water contaminant sources within QU Ill (Figure 1.2-2). 

The OU 111 RI has three main goals: (1) obtain the information necessary to assess ecological 
and human health risks are posed by the sediment/soil contaminant source in the focused study 
area, (2) obtain the information necessary to assess ecological and human health risks posed by 
the surface water/ground-water contaminant source within OU 111, and (3) collect sufficient 
quality data to support evaluation of any appropriate response actions, if required. A baseline 
risk assessment will serve as the mechanism for accomplishing these goals. The baseline risk 
assessment will be supported by existing site data (where appropriate), new data collected 
during focused' field investigations, and ground-water flow and transport model results. OU 
III risk assessment studies, as well as ground-water modeling, will also be supported by 
information generated through continuation of the OU 111 annual surface water and ground- a water monitoring effort. 

The scope of the OU I11 RI consists of the following eight tasks: 

8 Task 1: Project Planning 
a Task 2: Community Relations 

Task 3: Baseline Characterization 
0 Task 4: Ecological Risk Assessment 
0 Task 5:  Human Health Risk Assessment 
0 Task 6: Ground-Water Modeling 
0 Task 7: Annual Monitoring 
0 Task 8: R1 Report 

The remainder of this section contains a description of th DQO process, includin how the 
process was implemented for OU 111, followed by separate discussions of each of the RI tasks 
listed above. 

4.1 Data Quality Objective Process 

EPA developed the DQO process to ensure that data collected as part of remedial response 
activities are adequate for and are an integral part of decision making. The DQO process is a 
means of employing scientific methods in the development of data collection designs. The 
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process involves (1) claxifymg study objectives, (2) defining the most appropriate types of data 
to collect, (3) determining the most appropriate conditions from which to collect the data (e.g., 
spatial, temporal), and (4) specifying acceptable levels of decision errors that will be used as 
the basis for establishing the quantity and quality of data needed to support the decision (EPA 
1993b). 

According to Data Qzuzlity Objectives Process for Superjhd (EPA 1993b), the purpose of the 
DQO process is to . . . collect data of appropriate quality for environmental decisions while 
minimizing expenditures related to data collection by eliminating unnecessary duplication of 
overly precise data. ' The DQO process, which is iterative in nature, is a management 
planning tool available to help decide what type, quality, and quantity of data will be sufficient 
to make identified environmental management decisions. The DQO process requires that these 
decisions, and the qualitative or quantitative criteria upon which decision making is based, are 
stated in advance of data collection activities. 

Data Quality Objectives Process for Supe@nd (EPA 1993b) was used as a guide to formulate 
the general objectives of the RI into specific decisions, identify RI data requirements, design 
appropriate data collection efforts, and assess decision making confidence as it relates to 
decision error. In particular, decision error can have a major impact on risk management 
issues and the selection of the appropriate response actions. Decision error relates to the 
consequences of making an incorrect decision. For example, if the decision criteria 
corresponds to the low end of the risk range (10E-4 cancer risk) and the estimated risk is 1OE- 
5, the estimated risk can be incorrect by up to one order of magnitude without resulting in an 
adverse impact or "incorrect" decision. 

The DQO process is ini'tially applied to the general RI data requirements and the overall 
decisions to be made on the basis of the RI data. Table 4.1-1 provides an overview of the 
DQO process and1 illustrates how the process is used to support identification of gened data 
requirements and decisions for the OU 111 RI. The DQO process is then applied separately to 
(1) the ecological risk assessment, (2) the human health risk assessment, and (3) the ground- 
water modeling effort because each of lthese assessments has different data needs and will be 
used to address different decisions. The DQO process for the ecological and human Ihealth risk 
assessments is implemented separately for each medium of concern (Le., shallow ground 
water, surface water, sediment, soil, and biota). Specific application of the DQO process for 
the ecological risk assessment, human health risk assessment, and ground-water modeling 
effort is discussed in Sections 4.5.4, 4.6.4.1 and 4.7.1 respectively. 

Step 3 of the DQO process (identify inputs to the decision) warrants further discussion. The 
primary inputs to the OU 111 decision-making process include the ecological and human health 
risk assessments, ground-water modeling, and existisng rules and regulations. Risk assessments 
and ground-water modeling are in turn supported by data generated through collection and 
analysis of existing and new information. Therefore, Step 3 of the DQO process also involves 
deterrr.ining the extent to which existing data can be used to support the risk assessment studies 
and ground-water modeling. 
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- 
2 

- 
3 

- 
4 

- 
5 

- 
6 
- 
7 

Step TiUQ 

State the Problem 

Identify the 
Decision 

Identify the 
Lnputs to the 
Decision 

~~ ~ 

Define the Study 
Boundaries 

Develop a 
Decision Plan 

Specify Limits on 
Decision Errors 
Optimize the 
Design for 
Obtaining Data 

Table 4.1-1. DQO Process 

purpose" 

1 Summark the problem that will 
require new environmental data. 

1 Identify resources available to 
resolve the problem. . 

1 Identify the decisions that require 
new environmental data. 

1 The infonnation needed to support 
the decision and specify which inpuk 
require new measurements. 

~~ 

Specify the spatial and temporal 
aspects of the environment that the 
data must represent to support the 
decision. 

Statements that define the conditions 
that would cause the decision maker 
to choose among alternatives. 

1 Specifies the decision maker's 
acceptable limits on decision errors. 

1 Identifies the most resource effective 
sampling and analysis design for 
generating data that are expected to 
satisfy DQOs. 

Operable Unit III I4ousslStatus 

0 Preliminary conceptual site models have been developed. (See Sections 4.5.3.1 

0 Project objectives are presented in Section 1. 
0 ETAG will seme as the scoping team. 

0 Assess if chemical concentrations are site related. 
0 Determine if elevated concentrations present risk to human or ecological reoeptors. 
0 Estimate if COC concentrations exceed ARARs. 
0 Estimate time required for ground and surf' water to reach acceptable ngulatoy 

and risk-bad levels. 
0 Specific decisions for the ecological and human health are presented in 

Sections 4.5.4 and 4.6.4. 

0 Existing monitoring data for ground water, surf' water, sediments, air, and soil. 
0 Preliminary ecological and human health risk calcuintions based on available data. 
0 Assessment and masmment endpmts as outlined by the ETAG and ptaentad in 

0 Ecological w e y  data on Montezuma Canyon. 
0 Background data from Verdure Creek Canyon. 

0 Specifics to gathering additional data depend on its use. Data will be used to 

and 4.6.1) 

the ecological concept paper. (See Section 4.5.3.2) 

support the ecological and human health risk assesmnts and the ground-water 
modeling. See the following sections for more infonnation: 

- Ecological Risk - See Section 4.5.4 

- Ground-Water Modeling - See Section 4.7.5 
- HWMII Health Risk- See %on 4.6.4 

0 Figure 1.2-2 shows the logical decision process for this project. Preliminary 
ecological risk decisioas will be based on a Hazard Quotient of 1 and benchmarks 
found in the literature. For human health, guidelines specified in the NCP were 
used: 1x10' to lxlod for carcinogens and a Hazard Quotient of 1 for 
noacarcinogens. 

sssociated with the risk assessmeat results. 

will be gathered! Details are provided in Sectians 4.5.4 and 4.6.4. 

e The BRA will contain an uncertainties section which discusses relative errors 

0 Limited additional sampling will be done in seven areas. A t o d  of 228 samples 

'From Dura Quality Objecfiw for Supe#md (EPA 1993a). 



A general description of how existing data were =viewed with respect to the OU III risk 
assessments and ground-water modeling is provided below. 

e Have all geographic areas where water quality and sediment/soil could be affected 
been assessed? 

Ge~graphically, water quality samples have been collected for radiological, metals, and 
organic analyses throughout OU III as well as both upgradient and downgradient of OU III. 
However, water quality samples have not been collected in the reference area established 
for OU III. Sedimentlsoil samples have been collected at the millsite and along Upper and 
Lower Montezuma Creek. However, sedimentlsoil samples have primarily been analyzed 
for radiological constituents and only a few samples have been analyzed for metals. In 
addition, no sediment/soil samples have been collected in the reference area established for 
ou rn. 

8 Do the data provide information on variability within and between seasons, years, and 
precipitation events? 

No established monitoring program, using consistent monitoring locations, was 
implemented at the MMTS Ibefore 1992. Monitoring under the OU I11 W was initiated in 
September 1992 with implementation of the Baseline Characterization. The Baseline 
Characterization continued through July 1993. Under the Baseline Characterization, 
ground-water levels and stream flow measurements were collected on a monthly basis, and 
surface water and ground-water samples were collected on a quarterly basis. The Annual 
Monitoring Program was implemented upon completion of the Baseline Characterization in 
July 1993 and will continue at least through completion of the ROD. Under the Annual 
Monitoring Program, monthly ground-water level and stream flow measurements have 
continued, and surface water and ground-water samples have been collected on a 
semiannual basis (during the months when water levels are typically at the lowest and 
highest elevations). 

Except for monthly water level and stream flow measurements, no data have lbeen collected 
specifically to assess variability within seasons or between precipitation events. However, 
precipitation data obtained from the National Weather Service monitoring station located in 
Monticello will be used in conjunction with monthly water level and stream flow 
measurements to assess the variability associated with major precipitation events. These 
assessments will be performed as part of the ground-water modeling effort. 

0 Are Ithe number of samples/locations sufficient to assess variability to an acceptable level? 

Variability within surface water and ground water can be sufficiently assessed on the basis 
of data collected during the OU 111 Baseline Characterization and Annual Monitoring 
Program. The monitoring networks and analytical programs for the Baseline 
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Characterization and for the Annual Monitoring Program were designed to provide the 
detail necessary to adequately assess the nature and extent of contamination in surface water 
and ground water within OU III and the surrounding area. 

The number and location of sediment/soil samples previously collecte!d do not provide the 
information to sufficiently assess variability within these media. Specifically, additional 
analytical data for sediment/soil are needed within the focused study area of OU III. 

The number and location of air samples collected within OU III and the surrounding area 
are sufficient to assess variability within air. Air moniming data have been collected on a 
weekly basis since 1993 at 10 monitoring stations encircling the millsite and 2 monitoring 
stations located approximately 5 miles north of the millsite. 

No analytical data have been generated for biotic media within OU IU. Therefore, 
additional data will be required to assess variability within this medium. 

0 Are the quality and quantity of data sufficient to support the risk assessments and ground- 
water modeling and to determine compliance with reference criteria? 

In general, surface water and ground-water data collected under the OU III RI (beginning in 
1992 with data collected for the Baseline Characterization) are considered to be of higher 
quality than data collected before the RI. Field and laboratory documentation for data 
collected under the FU are sufficient to allow assessment of data quality. However, the 
quality of previous RI data has not been fully assessed. Therefore, data quality assessments 
will be completed for all previous and new RI data to be used in support of the risk 
assessment studies. 

Field and laboratory documentation are limited for surface water and ground-water data 
collected before initiation of the RI. Prior to 1984, the documentation required to support 
assessment of data quality was not maintained. Between 1984 and 1992, sufficient 
analytical records were maintained but equivalent field documentation was not maintained. 
Therefore, surface water and ground-water data obtained before the FU was initiated will 
not be used to quantitatively support the risk assessments. 

Existing analytical data for sediment/soil are not of sufficient quality or quantity to fully 
support the human health and ecological risk assessments and ground-water modeling. 
Additional sediment/soil sampling locations, collocated with other abiotic and biotic 
sampling locations, are needed both on silte and in the reference area. 

Analytical data for biotic media are needed to support the ecological and human health risk 
assessments. For the ecological risk assessment, biotic samples, collocated with abiotic 
media samples, are needed both on site and in the reference area. 
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Existing hydrogeologic data, coupled with data obtained from literature, are of sufficient 
quality and quantity to support ground-water modeling. These data will be used as input to 
the model. In general, literature values will be used to estimate input parameters such as 
distribution coefficient, storage coefficients for bedrock, recharge, evapotranspiration, and 
dispersivity. Other input parameters (e&, water level elevations and hydraulic 
conductivity) will be estimated from existing site data. 

Are detection limits associated with the data sufficient for the risk assessments? 

Except for silver, mercury, beryllium, arsenic, and Pb-210, the detection limits associated 
with previous RI data are sufficient for the risk assessments. Of the ana!lytes listed, silver, 
mercury, and beryllium are not expected to be contaminants related to the uranium- 
vanadium ore that was processed at the M M T S  or expected to have been introduced during 
MMTS operations. The detection limits for arsenic and lead-210 are within the 10E-4 to 
10E-6 cancer risk range for these analytes under a residential use scenario. 

e Do the data meet the requirements of representativeness, precision, and accuracy for risk 
assessment? 

Existing FU data have not been fully reviewed for representative, precision, and accuracy. 
However, all case narratives have been reviewed and indicate that few analytical results 
exceed precision and accuracy criteria. All new and existing RI data will be fully reviewed 
with respect to these criteria before being used to support the risk assessments. 

4.2 Task I: Project Planning 

Project planning for the OU I11 RI/FS began in 1992, with preparation of the Surface and 
Ground- Water Remedial InvesrigatiodFeasibiliry Study-Work Plan @OE 1992~). The 
purpose of the 1992 Work Plan was to outline the monitoring program designed to characterize 
baseline surface water and ground-water conditions within OU 111. This program is referred to 
as the baseline characterization and is identified as Task 3 in this Work Plan. Results of the 
baseline characterization are summarized in Section 4.4 and documented in the Monricello Mill 
Tailings Site, Operable Unit 111. Baseline Characterization Data Summary (DOE 1994b). 
Surface water and ground-water monitoring lhas continued subsequently to the baseline 
characterization under the OLJ 111 annual monitoring program. The annual monitoring 
program lhas been conducted in accordance with the scope of work and procedures outlined in 
the 1992 Work Plan, as amended. DOE-, EPA-, and State-approved amendments to the 
original scope of work and/or procedures presented in the 1992 Work Plan have been 
documented in Program Directives. Continuation of the annual monitoring program (Task 7) 
is discussed in Section 4.8. 

At the time the 1992 Work Plan was prepared, it was anticipated that a separate work plan 
would be prepared to address the sediment and soil component of OU 111 and that the 1992 
Work Plan would be revised to support post-baseline characterization activities for the surface 
water and ground-water component of OU 111. However, after the baseline characterization 
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was completed, DOE, EPA, and the State agreed that a single RVFS Work Plan should be 
prepared to address both components of OU III. Integration of the two components is being 
accomplished with this Work Plan. 

The following OU III'planning documents accompany this Work Plan: 

Opemble Unit III Remedial Investigation/Feasibility Study, E& Sampling Plrut: The Field 
Sampling Plan (FSP) provides detailed descriptions of field procedures and lists the laboratory 
methods to be used for sample analysis. The plan describes field activities and identifies 
proposed sampling locations. In addition, the FSP specifies the number and types of samples 
and measurements required, use of sample identification numbers, analytical parameters, and 
field quality assurance and quality control (QAIQC) measurement requirements. 

Opemble Unit III Remedial Investig&n/FeasiWity Study, Quuliiy Assumnce Project Plan: 
The Quality Assurance Project Plan (QApjP) describes the methods and procedures that will 
be used to verify the precision, accuracy, and completeness of the data generated during the 
FWFS. The QAPjP addresses the requirements set forth in the EPA Requirements for Quality 
Assurance Project Plans for Environmental Data Operations (EPA 19934). 

All field activities conducted in support of the OU lTI RI/FS will be performed in accordance 
with the health and safety requirements specified in the Monticello Projects Health and Safety 
PZan (DOE 1995a). 

4.2.1 Technical Approach1 

The technical approach for the OU 111 RVFS is to assess ecological and human health risks posed 
by COPCs within the OU 111 study area such that defensible response action decisions can be 
made on the basis of RI/FS results The steps followed to formulate the approach are 
discussed below 

Step 1: Identification of Primary Decisions 

The first step taken to develop the approach was to identifjl primary decision points to be reached 
during the RIBS Ilntimately, FWFS results will be used to determine if remediation of 
contaminant sources within OU I11 is necessary, and if so, what response actions are appropriate. 
Potential contaminant sources within OU HI include sediment and soil within the focused study 
area and surface water and ground water at and downgradient of the millsite. The primary 
decisions to be reached during the 11111111111111111111s are. 

The first decision, to be made during the RI, will be whether or not there is an unacceptable 
current or hture risk to human health or the environment. 
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The second decision, to be made during the RI (assuming unacceptable risk), is if an early 
action is warranted. Any early action would have to support a find remedy and meet proposed 
ARARs. The decision to proceed with an early action is based on unacceptable risk and 
Engineering EvaluatiodCost Analysis (EUCA). 

0 The third decision, to be made during the FS, will be whether or not the h a l  remedy can meet 
ARARS. 

If, as part of the third decision, it is determined' that ARARS cannot be practicably met, the 
fourth decision will be whether or not some alternative remedy requirements (other than 
ARAR waivers) are appropriate. If no other alternative remedy requirements are appropriate, 
ARAR waivers will be pursured. 

Step 2: Generate a Preliminary List of AWARs 

The second step taken to develop a technical approach was to generate a preliminary list of 
ARARS. The list was developed by using the ARARs specified in the 1990 Record of Decision 
(ROD) for OUs I and1 11 of the W S ,  then modifjing the list for ARARs considered pertinent to 
OU 111. The resulting preliminary list of ARARs is presented in Appendix A. 

3: Review Decision-Making Process 

After a preliminary list of ARARs was generated, the next step was to review the decision-making 
process for OU 111 and to determine how decisions will impact subsequent OU El activities. In 
accordance with CERCLA the baseline risk assessment will be used to support decisions 
regarding the acceptability and management of risks associated with sedimendsoil and sufice 
watedground-water contaminant sources within OU 111. 

Sedment and Soil Contaminant Source 

If cumulative risks are not acceptable for COPC within the focused study area, the baseline risk 
assessment and1 ground-water modeling results will be used to assess whether the unacceptable 
risks are due to contaminant transport from the sedimenthod contaminant source or from surface 
water and/or effluent ground-water contamination attributed directly to the millsite. 

Unacceptable risks attributed exclusively to millsite-derived surface water or ground-water 
contamination will be evaluated under the surface water and ground-water component of OU III; 
therefore, no further action relative to the sedimentkoil contaminant source will be required. The 
no-further-action decision will be presented in the Proposed Plan. If necessary, the decision will 
be supported by application of ARAR waivers. 

If risks are attributable to sedimentlsoil, AR4R waivers (i.e., supplemental standards) will be 
evaluated during preparation of the draft FS report. The ARAR waiver evaluation will provide 
the basis for determining the response action required, if any. Ifthe RPMs find that removal is 
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warranted, the removal action process will be implemented. If the FWMs find that other response 
actions may be more appropriate, an alternative will be selected from those screened and 
evaluated in the FS. The selected alternative will be documented in the Proposed Plan and ROD. 

Removal action(s) will be implemented in accordance with the requirements established under 
CERCLA. A removal site evaluation will be prepared to support the RPM’s determination 
regardmg the appropriateness of removal action(s). In addition, an engineering evaluatiodcost 
analysis (EWCA) will be prepared to document the analysis of removal alternatives. Removal 
altematives will be consistent with the alternatives implemented for OUs I and II. It is critical that 
any removal actions be completed by the November 1998 closure date of the on-site millsite 
tailings repository to minimize disposal cost and community impacts associated with transport to 
an off-site repository 

Surface Water and Ground- Water Contaminant Source 

If current exposure-point concentrations are not found to be protective of human health and the 
environment, response action alternatives will be screened and evaluated in the FS. As required 
under CERCLA the no-action alternative will be included as a baseline against which 
protectiveness, cost, and other criteria can be measured. Evaluation of the no-action alternative 
will include assessment of ground-water model predictions regarding the length of time 
anticipated for exposure-point concentrations to attain levels protective of human health and the 
environment and meet other reference criteria (statutory federal drinking water maximum 
contaminant levels WCLS]~, ARARs, background concentrations, risk-based concentrations and 
other “to be considered” [TBC] criteria). An example of a particular land use requiring evaluation 
of a distinct suite of exposure point concentrations would be a residence occupied adjacent to the 
floodplain along upper Montezuma Creek. If it is determined that exposure-point concentrations 
will attain such levels in a reasonable period of time, the Proposed Plan and ROD will document 
that no remedial action is warranted The no-remedial-action decision will1 be verified through 
continued monitoring for a specified period of time 

During the RI, DOE will establish a period of time considered reasonable in conjunction with the 
EPA and State Reasonable time will1 be determined on the basis of current and potential hture 
land uses along upper and lower Montezuma Creek, point (s) of compliance, contaminant-specific 
cleanup criteria ( A R A R s ,  risk, etc ), and exposure-point concentrations. The availability and 
adequacy of alternative control measures such as institutionall controls will also be considered 
during development of reasonable time. The reasonable times for both surface soiysediment and 
ground watedsurface water in both the upper and lower reaches of OU III will be used to 
evaluate remedial alternatives 

Step 4: IReview Existing Site Knowledge 

The fourth step in development of the approach was to review existing site knowledge in relation 
to the primary decisions identified in Step 1. Initially, existing data were reviewed and evaluated 
to assess the adequacy of the data for risk assessment studies. The data were reviewed with 
respect to instrument detection limits, spatial distribution and number of samples, and period of 
record. Reviewed data were then used to perform preliminary site calculations for the ecological 
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and human health risk assessments. These calculations were made based on the assumption that 
residential land use will likely occur in Upper Montezuma Creek but not in Lower Montezum 
Creek. Preliminary site calculations for the ecological and human health risk assessments are 
hrther discussed in Sections 4.5.2 and 4.6.3, respectively. 

Step 5: Design ImpPementation Process 

The final step taken to develop an approach was to design a process for implementation of the 
RVFS. The process was designed based on the outcomes of each of the preceding steps, 
communications with EPA and the State, and regulatory guidance. 

Specific technical approaches for the ecological and human health risk assessment tasks wete 
formulated in accordance with existing EPA guidance, including Framework for Ecological Risk 
Assessment @PA 1992a), Risk Assessment Guidance for Superfund, Volume I ,  Human Health 
Evaluation Manual, @PA 1989d), Guidance for Data Useability in Risk Assessment, 
(EPA 1992b), and specific guidance documents developed by EPA Region 8. The technical 
approach for the ecological risk assessment contains the following primary elements: 

Preliminary Problem Formulation and Ecological Effects Evaluation 
v 

Preliminary Exposure Estimates and Risk Calculation 

Problem Formulation Assessment Endpoint Selection and Testable Hypothesis Formulation 

Site Assessment 

Site Field Investigation 

Risk Characterization 

Risk Management 

The first three elements listed above were completed during the ,preparation of this plan and are 
discussed in Sections 4.5.1 through 4 5 3 Site assessment and site field investigation are 
discussed in Section 4.5 4 The risk characterization element is discussed in Section 4.5.5. 

The major elements included in the technical approach for the human health risk assessment are 
discussed in Section 4 6.2 and include 

0 Data Evaluation 

Exposure Assessment 

Toxicity Assessment 

Risk Characterization 
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Both the ecological risk assessment and the human health risk assessment Win be supported by 
ground-water flow and transport modeling. The model will be used as a tool to-predict fixture 
concentrations of select CQPC in ground water at the end of specific time intervals (e.g., 10, 20, 
and 70 years) after completion of millsite remediation. Modeling results will also be used to 
estimate concentrations of select COPC in surface water at specific locations and times. 
Modeling will be accomplished through development and application of a MODFLOWlMT3D 
ground-water flow and transport mode1 being developed in close cooperation with EPA experts. 
The ground-water modeling task is krther discussed in Section 4.7. 

The llast component of the OU ILI technical approach involves the annual monitoring task for 
surface water and ground1 water (Section 4.8). The annual monitoring task was initiated in 1992 
and will continue at least through completion of the OU 111 Proposed Plan and ROD for surface 
water and ground water. The existing ROD for the MMTS requires continued monitoring of 
surface water and ground water for three years after remediation of OUs I and II. Annual 
monitoring results will be used to support QU ILI risk assessment studies and the ground water 
modeling effort as well as to provide a continuous record of surface water and ground water 
conditions over time. Under the annual monitoring task, ground-water levels and stream flow 
measurements will be recorded on a monthly basis, and surface water and ground-water samples 
will be collected for chemical analysis on a semiannual basis. 

All site characterization activities for the QU III W S  will be performed in accordance with the 
procedures and guidelines presented in the accompanying Field Sampling Plan. The procedures 
and guidelines are designed to ensure the data are defensible and that disruption of the 
environment/ecosystems is minimized. 

4.3 Task 2: Community Relations 

Community Relations activities for OU III are included in the draft f ind  Community Relations 
Plan Update (currently draft final July 1995, DOE 1995b), which is currently being reviewed 
by EPA and the State of Utah. The Community Relations Plan update incorporates 
community relations activi'ties for MMTS, Monticello Vicinity Properties, and Monticello 
Surface Water and Ground Water remedial action projects. Near-term public involvement 
activities include development of Fact Sheets on OU 111, issuance of a news release and display 
ad on completion of the RI/FS Work Plan, and coordination of public meetings regarding the 
final RUFS Work Plan and the draft final Proposed Plan. Specific activities to be performed 
through 1998 can be found in the draft final Community Relations Plan Update. 

4.4 Task 3: Basehe Characterization 

4.4.1 Objectives 

The objective of the OU 111 baseline characterization was to collect data necessary to 
adequately characterize baseline ground-water and surface water conditions at and in the 
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vicinity of the MMTS. For RVFS purposes, baseline conditions refer to ground-water and 
surface water conditions existing before implementation of significant millsite. remedial 
action activities. 

The ground-water component of the charactektion focused on baseline conditions present in 
the upper flow system, water-bearing sandstone units in the lower Dakota Sandstone, and the 
Burro Canyon aquifer. Within these systems, information was obtained to assess waterquality 
conditions in upgradient (background) and downgradient areas. Information also was obtained 
to assess water quality conditions in the upper flow system at the millsite. Water quality 
information was used to further assess the nature and extent of contamination. This 
information has been used to establish a list of COPCs and, by comparison to toxicity 
benchmark &lues to verify that laboratory detection limits are adequate (Appendix C). In 
addition to water quality information, water level measurements were taken to assess ground- 
water flow directions and1 gradients associated with each of the ground-water systems, as well 
as the degree of hydrologic communication existing between the lower Dakota Sandstone and 
the Burro Canyon aquifer. 

The surface water component of the characterization focused on baseline water quality 
conditions in upstream (background), millsite, and downstream areas. In addition, stream 
flow measurements obtained along Montezuma Creek were usedi to assess ground -water/ 
surface water interactions. 

4.4.2 Scope of Work 

Work performed in support of the baseline characterization was accomplished in accordance 
with the scope of work and procedures outlined in the MonriceZZo MiZZ Tailings Site, OperabZe 
Unit I I I ,  Surface and Ground- Water Remedial Investigation/ Feasibility Study Work Plan 
(DOE 1992d). FieM Sampling Plan (DOE 1992b), andi Qualiry Assurance Project Plan 
(DOE 11992~). Scope of work or field procedure variances made during implementation of the 
baseline characterization effort are discussed in the BaseZine Dara Swnmary Repon 
(DOE 1994b). 

4.4.2.1 Field Program 

The field program for the baseline characterization was initiated in September 1992 and 
completed in October 1993. The program consisted of the following components: 

0 Installation of 13 monitoring wells, 9 piezometers, and 15 soil borings. 

0 Measurement of water levels in approximately 83 monitoring wells on a monthly basis. 

0 Collection of ground-water samples at 27 monitoring wells during 4 separate 
sampling events. 

0 Collection of surface water samples at 16 sites during 4 separate sampling events. 
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e Measurement of stream flow at 12 sites along Montemma Creek. 

Coefficient of variation 

Geometric mean ' 

Locations of the monitoring wells, piezometers, and surface water sites included in the 
characterization are shown on Plate 4-1. 

~1 150 

4.7 x 10bcm/sec 

The monitoring wells and piezometers installed during baseline characterization are located 
upgradient and downgradient of the millsite; no new wells or piezometers were located within 
the boundaries of the millsite. Seven wells were installed upgradient of the millsite, including 
three wells completed in the upper ground-water flow system, one well completed in the lower 
Dakota Sandstone, and three wells completed in the Burro Canyon aquifer. Six monitoring 
wells were installed downgradient of the millsite, including four wells completed in the upper 
ground-water flow system, one well completed in the lower Dakota Sandstone, and one well 
completed in the Burro Canyon aquifer. All nine of the piezometers were installed 
downgradient of the millsite and completed in the upper ground-water flow system. Fifteen 
soil borings were also drilled downgradient of the millsite; each borehole extended to the 
bedrock contact. 

During drilling of the bedrock wells, 8 core samples were collected from the Dakota Sandstone 
and 8 core samples were collected from the Burro Canyon Formation for vertical conductivity 
analysis. All cores were tested in triaxial cells under two gradients; a summary of the results 
is presented in Table 4.4-1. 

Table 4.4-1. Summary of Venical Hydraulic Conductivity Testing 

I/ Burro Canyon 
I Format ion 

K,' - maximum 

IC, - minimum 

Arithmetic mean 

Standard deviation 

'Y=Verticall Hydraulic Conductivit! 

Upper Dakota 
Sandstone 

1.0 x lo8 cm/sec 

1.8 x 1 O I 0  cmlsec 

2.3 x 10.' cm/sec 

3.9 x IO' cm/sec 

170 

1.2 x 10' cmlsec 

Lower Dakota 
Sandstone 

7.2 x 10'cm/sec 

2.4 x 10" cmlsec 

2.1 x lo' cm/sec 

2.1 x 10' cm/sec 

100 

The water-level survey was performed to measure water levels in monitoring wells completed 
within the upper ground-water system, lower Dakota Sandstone, and1 Burro Canyon aquifer. 
The objective of the survey was to obtain monthly, comprehensive, and concurrent sets of 
water-level measurements during a one-year period. Water levels were generally measured on 
a monthly basis in approximately 83 monitoring wells. 
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Ground-water samples were collected during four sample events - November/December 1992, 
March 1993, ApriVMay 1993, and July 1993. The monitoring-well network consisted of 16 
wells completed in the upper ground-water flow system, 2 wells completed in the lower 
Dakota Sandstone, 1 well completed across the Dakota Sandstone/Burro Canyon Formation . 
contact, and eight wells completed in the B u m  Canyon aquifer. Most wells were purged and 
sampled with a dedicated bladder type of pump. A Teflon bailer was used to purge and 
sample wells that dewatered completely during purging. Field parameters were measured at 
each well during purging and immediately before sample collection to ensure that ground water 
conditions were stabilized. Field parameter measurements included temperature, pH, electrical 
conductivity, alkalinity, dissolved oxygen, oxidation-reduction potential, and turbidity. 
Dissolved oxygen and oxidation-reduction potential were not measured in wells that were 
bailed. Field analysis for residual chlorine was performed for each well only during the 
November/December 1992 sampling event. 

Surface water samples were collected during the four ground-water sampling events 
(November/December 1992, March 1993, April/May 1993, and July 1993). The surface 
water sampling network consists of 16 locations, including 3 sites located upgradient of the 
millsite, 6 sites located within the boundaries of the millsite, and 7 sites located downgradient 
of the millsite. Samples were collected at each of the sampling sites unless a particular site 
was inaccessible, dry, or frozen. Field parameters were measured at each sampling site 
immediately before sample collection. Field parameter measurements included temperature, 
pH, electrical conductivity, and alkalinity. Field analysis for residual chlorine was performed 
at each site only during the NovemberiDecember 1992 sampling event. 

Surface water flow measurements were obtained to assess stream discharge rates along 
Montezuma Creek. Measurements were obtained at the 12 surface water sampling sites 
established along Montezuma Creek. Measurements were acquired during a 10-month period 
beginning in December 1992 and extending through September 1993. Flow measurements 
were not obtained at some of the sampling sites because of unfavorable site conditions 
(e.g., frozen or dry), variable releases of water from Loyd's Lake (located upgradient of the 
millsite), or an instrument malfunction. 

Duplicate samples were collected during each ground-water and surface water sampling event 
at a frequency of one for every ten samples collected. 

4.0.2.2 Analytical Program 

All water samples collected for the baseline characterization were submitted to the Grand 
Junction Projects Office (GJPO) Analytical Laboratory for analysis. The FieZd Sampling Plan 
(DOE 1992b) contains laboratory requirements for sample containers, sample volume, 
preservation, holding times, and analytical methods. The QAPjP (DOE 1992c) specifies 
analytical methods for each analyte and associated LRLs. The GJPO Analytical Laboratory's 
LRLs are EPA's Contract Laboratory Program (CLP) CRDLs for inorganic analytes; the 
actual GJPO Analytical Laboratory detection limits for inorganics generally run an order of 
magnitude less than the CRDLs. For organic compounds, the GJPO Analytical Laboratory 
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LRL is equal to one-half the CLP Contract Required Quantitation Limits (CRQL) for TCL 
volatile organic compounds (VOCs) and equal to the CRQL for TCL Semi-VOCs, TCL 
pesticidedPCBs and herbicides. Data tables reported in the Baseline ChuracteriZtrtion Data 
Summary Repon (DOE 1994b) include the quarterly-updated GJPO instrument detection limits 
whenever an inorganic analyte is not detected and qualify organic compounds as estimated if 
they are detected below the quantitation limit. 

The analyte groups constituting the analytical program included radiological constituents, 
metals, TCL VOCs, TCL semi-VOCs, and TCL pesticides/PCBs, and herbicides. Organic 
compound analyses were performed only on samples collected from selected wells during 
selected sampling events. All samples were analyzed by GJPO standard operating procedures 
for EPA methods. 

Quality assurance measures performed during laboratory analyses included calibrations of 
laboratory equipment and i n t e d  laboratory quality-control checks (e.g. , reagent blanks, 
duplicates, matrix spikes, matrix spike duplicates). 

4.4.3 SPlBnmary of Results 

A general summary of ground-water and surface water sampling results is provided below. 
Baseline characterization results are discussed in greater detail in the Bareline Characterization 
Data Summary (DOE 1994b). 

4.4.3.1 Upper Ground-Water Flow System 

Baseline characterization results indicate that radiological and metals analytes are the most 
commonly occurring preliminary contaminants of concern in upper flow-system ground water 
at and in the vicinity of the MMTS. During the baseline characterization, the only TCL VOCs 
and TCL semi-VOCs detected at concentrations above LRLs were methylene chloride and bis- 
(2-ethylhexyl)phthalate, both of which are commonly observed as laboratory contaminants. 
Toluene was reported at the LRL of 1.1 pg/L in one sample collected during the baseline 
characterization. No TCL pesticides/PCBs or herbicides were detected above LRLs in samples 
collected during the baseline charactenzation. 

Maximum radiological and metals analyte activities/concentrations, excluding anomalous 
results, reported during the baseline characterization for samples from wells completed in the 
upper ground-water flow system are presented in Tables 4.4-2 and 4.4-3, respectively. 
Anomalous results include qualified results and results for samples with high turbidity. As 
shown, concentrations are typically lowest in the upgradient area and1 highest at the millsite. 
In the downgradient area, concentrations generally decrease with increasing distance from 
the millsite. 

Common ion data obtained during the baseline characterization indicate that no dominant 
cation-anion pair characterizes the upper flow system on a site-wide basis. Upgradient of the 
millsite, calcium is the dominant cation and sulfate and bicarbonate are the dominant anions. 
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Table 4.4-2. Maximum Radiological Analyte Activities (in pci /z) ,  Excluding Anomalous 
Results, Detected in the Upper Ground-Waer Flow System During the Baseline 

Characterization 

Analvte D o w W  

Gross Alpha <12 -<50 5,100 2,300 

Gross Beta <7-<52 1,500 1,000 

Pb-210 <2 55 18 

Po-2 10 <o. lo-< 1.01 2.6 0.72’ 

Ra-226 0.4 12 6.9 

Ra-228 <1-<2 <1-<7 <1-<7 

Rn-222 1,300 29,000 1 1,000 

Th-230 0.45 1 .o 0.92 

Th-232 0.55 0.88 CO.06-CO.30 

U 6. 2’.b 4,400b 2,900” 

U-234 5’ 1,400 970 

U-235 0.49 190 51 

U-738 7 3’ 1.400 990 
An activity/concentration greater than the value shown was reported but is considered 

anomalous due to high turbidity. 
bAnalvticall result reported’ in micrograms per llter bglL). 

Table 4.4-3. Maximum Metals Concentrations (in pg/L) ,  Excluding Anomalous Results, 
Detected in the Upper Ground- Water Flow System During the 

Buel ine Cha race rization 

Ana Iv tea U o u t e n t  e Do-nt 

Aluminum 410” 340” 1 50” 

Arsenic 3.6 166 34” 

Boron 67b 260 540 

Iron 700” 5,140” 1 ,300” 

Lead 1.6 19.2” < 1 .o-2.2” 

Manganese 3 0” 1 2,000” 1 ,goob 

Molybdenum 3 0  550b 200 

Selenium 5 1  24h 57 

Strontium 3,6 00“ 4,700 4,700 

Vanadium < 4 - < 8  2,900 890” 

71nc 4 11 27” C3.0-17 
‘Does not include analvtes that either were not detected at concentratlons above LRLs or detected at 
concentrations above LALs, but the results are considered anomalous because of high turbidlty or analytical 
qualifliers. 
”A concentration greater than the value shown was reported but is considered anomalous because of high 
turbidity or analytical qualifiers. 
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At the millsite, sodium plus potassium and calcium are the dominant cations and sulfate is the 
dominant anion. Calcium is the dominant cation and sulfate is the dominant-anion in upper 
flow-system ground water downgradient of the miillsite. 

4.4.3.2 Bum0 Canyon Aquifer 

In samples collected from the Burro Canyon aquifer, the only TCL VOCs detected at 
concentrations exceeding LRLs were methylene chloride and acetone, both of which are 
commonly observed as laboratory contaminants. No TCL semi-VOCs, pesticides/PCBs, or 
herbicides were reported above LRLs in samples collected from the B u m  Canyon aquifer. 

Maximum radiological and metals analyte activitiedconcentrations, excluding anomalous 
results, reported during the baseline characterization for wells completed in the Burro Canyon 
aquifer are presented in Tables 4.44 and 4.4-5, respectively. Anomalous results 
include qualified results and results that were not confirmed by prior or subsequent analyses. 
Unlike the upper flow system, baseline characterization results do not indicate that radiological 
and/or metals contamination exists in the Burro Canyon aquifer at and in the vicinity of the 
MMTS . 

Table 4.4-4. Maximum Radiological Analyte Activities on pCSL), Excluding Anomlous 
Results, Detected in the Burro Canyon Aquifer During the 

Baseline Characte?+zacion 

Ra-226 

Ra-228 

Rn-222 

Th-230 

Th-232 

U 

U-234 

1.8 

< 1-<3 

180 

< 0.07- < 0.3" 

< 0.05-< 0.3 

2.8 

12 

0.8 

<1-<5 

200 

0.76 

0.6 

2.9 

1 .la 

~~ 

Analyte Upgradient Millsite Downgradient 

Gross Alpha <7-<40" < 11-<30" C 12-<41' 

Gross Beta <6.5-<30" C6.7-<30 C 9.9-C 5 11' 

Pb-210 <2 <2 < 2  

Po-2 10 < 0.1 4- < 0.9 <0.15-< 1.5 CO.15-<0.73 

1.4 

<1-<3' 

330 

0.42 

C 0.04- < 0.3 

6.2' 

4' 

U-235 0.35 < 0.09- < 0.2, CO.06-<0.21 

U-238 3.2 0.86' 1.7' 

"An activitylconcentration greater than the value shown was reponed but is considered anomalous and 
not confirmed by ,prior or subsequent analyses. 
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Table 4.4-5. MarimWn Metals Concernrations (in @L), Exclrcding Anomalous Res&, 
Detected in the Burro Canyon Aquifer During the 

Baseline Characterization 
. 

Analyte“ Upgradient Millsite Downgradient 

Aluminum 304 54  57” 

Arsenic 8.9 2.2 3 .7b 

Boron 150 97 7ob 

Iron 690 340” 1,500 

. Lead 12 2.1b 6.1 

Manganese 770 420 330 

Molybdenum 61 2.8 1 .6” 

Strontium 1,900 1,600 1 ,500b 
Zinc 20 33 28 

’Does not include analytes that either were not detected at concentrations above LRLs or 
detected at concentrations above LRLs, but the results are considered anomalous because of 
analytical qualifiers or were not confirmed by prior or subsequent analyses. 

”A concentration greater than the value shown was reported but is considered anomalous 
because of analytical qualifiers or were not confirmed by prior or subsequent analyses. 

On the basis of common ion data, calcium-bicarbonate is the most dominant cation-anion pair 
characterizing ground water in the Burro Canyon aquifer upgradient and downgradient of the 
millsite. The most dominant cation compositions in ground water beneath the millsite include 
calcium plus magnesium and sodium plus potassium. Bicarbonate is the most dominant anion 
in ground water at the millsite. 

4.4-3.3 Surface Water 

Radiological analytes and metals were the most commonly detected analytes in surface water 
samples collected during the baseline characterization. Some TCL VOCs were also detected 
during the baseline characterization including acetone, 1,2-DCA, methylene chloride, 
4-methyl-2-pentanone, and toluene. Acetone, methylene chloride, and toluene are commonly 
observed as laboratory contaminants. No TCL semi-VOCs, pesticides/PCBs, or herbicides 
were detected at or above LRLs during the baseline characterization. 

Maximum radiological analyte activities reported for surface water samples collected during 
the baseline characterization are presented in Table 4.4-6. Radiological analytes detected in 
surface water during the baseline characterization included gross alpha, gross beta, Pb-210, 
Ra-226, Rn-222, Th-230, U, U-234, U-235, and U-238. Ra-228 and Th-232 were not 
detected at or above LRLs in any of the surface water samples collected during the baseline 
characterization. Ra-226, Rn-222, Th-230, U, U-234, and U-238 were the radiological 
analytes detected at or above LRLs in samples collected from upgradient surface water sites. 
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T d l e  4.4-6. Maximum Radiological AMbte  Activities (in pCiL) Detected in Sulface Waer 
Samples Collected During the Baseline c;hQracterizarion 

Analyte Upgradient Millsite Downgradient 

Alpha <9.9-<60 1,900 350 

Beta < 6.7-<40 1,100 130 

Pb210 < 2  9.3 2.7 

Po-21 0 <0.13-<0.5 < 0.16-< 0.8 <0.15-< 1.1 

Ra-226 0.2 9.1 1.3 

Ra-228 < 1-<4 < 3-< 9 <1-<5 

Rn-222 170 3,300 490 

Th-230 0.23 0.81 0.58 

Th-232 <0.05-CO.3 < 0.3- < 5.3 CO.06-CO.5 

U 4.8" 2,900" 510" 

W-234 4.8 1,100 180 

U-235 <0.13-< 0.26b 43 2.5 

U-238 2.1 1,100 174 
a Analytical result reported in ,ug/L. 
bA concentration greater than the value shown was reported but is considered anomalous lbecause 
of analytical qualifiers or was not confirmedl by prior or subsequent analyses. 

Maximum metals concentrations reported for surface water samples collected during the 
baseline characterization are presented in Table 4.4-7. Metals detected in surface water during 
the baseline characterization included aluminum, arsenic, boron, barium, iron, mercury, 
manganese, molybdenum, lead, selenium, strontium, vanadium, and zinc. Except for 
mercury, all of these metals were detected in at least one sample collected from millsite and 
downgradient sites. Mercury was only detected in surface water at the millsite. Silver, 
beryllium, cadmium, cyanide. cobalt, chromium, copper, nickel, antimony, and thallium were 
not detected at or above LRLs in any of the samples collected from upgradient, millsite, or 
downgradient surface water sampling sites. 

On the basis of common ion results obtained during the baseline characterization, calcium plus 
magnesium-sulfate plus chloride is the dominant cation-anion pair characterizing surface water 
in Montezuma Creek in the vicinity of the MMTS. 
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Table 4.4-7. Maximum Metals Concentrations (in &L) Detected in Su@ace Waer 
Samples Collected During the Baseline Characterization 

Analyte' Upgradient Milisite Downgradiem 

Aluminum 41 0 1,400 3,600 

Arsenic . 3.9 450 15 

Boron 97 400 120 

Barium 

Iron 

Manganese 

Molybdenum 

Lead 

Selenium 

Strontium 

Vanadium 

79 

540 

120 

20 

7.1 

9.7 

3,500 

5.4 

11 20 

1,400 

790 

320 

5.1 

41 

3,000 

7,800 

100 

4,500 

460 

91 

6.5 

20 

2,600 

280 

Zinc 22 38 87 
Ioes not include analytes that were not detected at or above iLRLs in upgradient, millsite, and 
downgradient areas. 

4.5 Task 4 Ecological1 Risk Assessment 

An ecological risk assessment is being conducted for OU 111 to determine whether elevated 
mncentrauons of millsite-related contaminants are adversely affecting the Montezuma 
Creek ecosystem. 

Preliminary activities, which were used to develop the current plan for the ecological risk 
assessment, are presented in Sections 4.5.1 and 4.5.2. Sections 4.5.3 through 4.5.5 present 
the proposed ecological risk assessmen't activities to be performed under the RI. 

An eight-step approach, recommended by EPA Region VIII, is being used for this risk 
assessment. The eight steps are: 

Step I. Preliminary Problem Formulation and Ecological ERec?s Evaluation. Existing 
soil, surface water, ground water, and ecological data are used to generate preliminary lists of 
COPCs, receptors, and1 endpoints, and to produce a preliminary conceptual site model. This 
step has been completed and is presented in Section 4.5.1.3, Preliminary Problem 
Formulation. 

Step 2:. Preliminary Exposure Estimate and Risk Calculation. Existing abiotic media 
COPC: concentration data are used to calculate preliminary exposure point concentrations, 
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chemical intakes by receptors, hazard quotients, and preliminary remedial goals. This step has 
been completed and is presented in Section 4.5.2, Preliminary Site Calculations. 

Step 3. Problem Formulation: Assessment &dlpoht Selection and FornuPation of a 
Testable HypothesL. COPC and assessment endpoints and are relined from p r e h h a r y  site 
calculations and then finalized. Testable hypotheses are formulated to determine whether the 
assessment endpoints are being adversely a f T d .  This step has been completed and is 
presented in Section 4.5.3, Problem Formulation. 

Step 4. Problem Formulation: Conceptual Model DeveEopment, Measurement Endpoint 
Selection, and Study IMgxu. Measurement endpoints and1 the conceptual site model are 
finalized. This step has been completed and is presented in Sections 4.5.3, Problem 
Formulation, and 4.5.4, Study Design. 

Step 5. Site Assessment. The site will be visited to confirm the study design. Primarily, this 
visit is intended to ensure that sampling stations are located in appropriate areas. This step is 
addressed in Section 4.5.4, Study Design. 

Step 6. Site Field Investigation. The study design that was formulated in Step 4 is 
implemented. The strategy for completing this step is presented in Section 4.5.4, Study 
Design. This step will be completed during the 1995 field1 season. 

Step 7. Risk Characterization. The data collected in the Site Field Investigation are 
statistically analyzed and calculations are performed to quantify ecological risk. The strategy 
for completing this step is presented in Section 4.5.5, Risk Characterization. 

Step 8. Risk Management. This is the final step of the ecological risk assessment. 
Information from the RUFS will support risk management decision; however, risk 
management is not part of this Work Plan. Risk management decisions will be made by DOE, 
EPA, and the State of Utah. 

This Work Plan presents the results of all1 preliminary ecological risk assessment activities and 
a plan for the completion of all remaining ecological risk assessment activities. 

4.5.1 Preliminary Site Characterization 

Preliminary site characterization involves reviewing existing sediment, hydrology, air, and 
ecological data, locating an appropriate reference area on the basis of existing site data, and 
conducting preliminary problem formulation activities. 

4.5.1.1 Existing Site Information 

Previous investigations, including sediment, hydrologic, ecological, and air studies, are 
described in Section 3.0 of this Work Plan. In addition, three data-collection activities were 
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conducted in the summer of 1994: a geomorphological study, a vegetation and soil survey, and 
a literature search for animal species that could inhabit OU El. 

The geomorphological survey and vegetation and soil survey were conducted in support of an 
earlier, unpublished, Work Plan. The maps that were generated by these surveys will be 
finalized if it is determined that the nature and extent of contamination need to be identified. 

Geomorphologkd Survey 

The geomorphological survey consisted of identifymg and mapping sediment depositional 
features throughout the study area. These activities included delineating the boundaries of 
geomorphic and hydrologic features that could be useful in defining sampling strata; mahing 
evidence of recent flooding, erosion, or deposition; and identifying channel forms, stream 
hydraulic regimes, and sediment transport mechanisms likely to affect the deposition and 
preservation of contaminated sediments. Findings of the geomorphological survey are 
summarized below. 

A large part of Montemma Creek downstream from the MMTS is confined by the steep 
sandstone walls of Montezuma Canyon. Deposits within the Montezuma Creek valley consist 
of colluvial fans draped from the canyon walls and fluvial sediments. The significant 
geomorphological features characteristic of this stretch of Montezuma Creek include the 
entrenched meanders of the creek, a narrow active floodplain, several sets of terraces, and 
numerous ponds and wetlands. The lower terrace adjacent to the stream is subject to overbank 
deposition of fine-grained sediments and appears to correlate with the highest surveyed Ra-226 
activity. There is some evidence of high Ra-226 activity associated with the beaver ponds and 
depressions along the creek. Ponds and1 wetlands could act as natural sediment traps for 
contaminated tailings being transported down the creek. However, the coarse bed material in 
the active channel and the corresponding low gamma readings suggest that the fine-grained 
tailings have been flushed downstream or reside within overbank deposits of the lower terrace. 

1 

Vegetation and Soil Survey 

A vegetation and soil survey was conducted to provide detailed maps that would enable risk 
assessors to identify where various animal receptors could occur. The survey was conducted 
ia the summer of 1994. 

Areas of dominant vegetation were identified during initial site reconnaissance. These 
dominant vegetation units were identified by looking down on the canyon bottom from the 
canyon rim, and walking along the canyon bottom. The units were mapped on 2-foot contour 
topographic maps. 

A modified releve technique (Bonham 1989) was used to describe the major units. Parameters 
that were recorded in the releves were site condition, plant species present, cover class of 
dominant plant species, elevation, slope, and aspect. Approximately three releves were 
conducted in each major vegetation unit. 
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Standard soil survey techniques (U.S. Department of Agriculture Soil Conservation Service 
1993) were used to describe the soils in each releve area. Information on the following 
parameters was collected: horizon designation, horizon depth and thickness, dry and moist 
color (using Munsell color charts), texture estimations, structure, and horizon boundaries 
characteristics. One soil pit was dug in each vegetation &eve area. 

a 
Each major vegetation and soil unit is described below. 

Big sagebrush and fringed sagebrush (Arremisia m-&nsaa and A. figida) are the dominant 
shrubs in this unit, although skunkbush and rabbitbrush (Chrysothamnus naweosus) also 
occur. Dominant grasses include western wheatgrass (Agropyron Smithii), crested wheatgrass 
(Agropyron crisrcmun) and foxmil barley (Hordeumjubatum). A Variety of forbs (yarrow 
[Achillea spp.], lupine [Lupinus spp.], milk vetch, yellow sweetclover, and globemallow 
[SphQeraZcea spp.]) and pricklypear were also found. 

Soils within this unit occur on strongly sloping (5-12 percent) toeslopes and are moderately 
deep (50-100 cm) or deep (100-150 cm). Layering within the soils usually includes an 
organic-rich, loam surface horizon and one or more loam or clay loam subsurface horizons. 
The soils are well drained, and the water table is very deep (greater than 150 cm). Parent 
materials include loess and colluvium. Soils contain variable characteristics and may be 
classified as (1) fine-loamy, mixed, mesic Pachic Haplustolls; (2) fine-loamy, mixed, mesic 
Pachic Argiustolls; and (3) fine-loamy, mixed, mesic Typic Ustochrepts. 8 

Dominant species in this unit are rabbitbrush, sagebrush (Artemisia spp.), snakeweed 
(Gutierreziu sarorhrae), cheatgrass (Brornus rectonun), crested wheatgrass, and western 
wheatgrass. Numerous forb species exist, including paintbrush (CmtiZZeja spp.), aster (Aster 
chilensis), penstemon (Pensfemon spp.) , iris (Iris missouriensis), yellow sweetclover, mallow 
(Malvu spp.), lupine, and globemallow. 

Soils within this unit occur on gently to strongly sloping (2-12 percent) floodplains, toeslopes, 
and benches. Much of this habitat type appears to have been disturbed at one time. Soils 
exhibit variable characteristics but are consistently deep (greater than 150 cm). 

Soil layers include a loam, silt loam, or sandy loam surface horizon and several subsurface 
horizons of textures similar to the surface horizon. The surface horizon and sometimes one or 
more subsurface horizons are organically enriched. The soils generally are well drained, but 
some may have a seasonal water table below 60 cm. Parent materials include alluvium and 
sometimes colluvium derived from upper slopes. Soils generally are classified as fine-loamy, 
mixed, mesic Pachic Haplustolls; those lacking an organic-rich surface horizon may be 
classified as coarse-loamy, mixed, mesic Typic Ustorthents. 
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In this unit, willows (Salix exigua, S. Zasiandra, and others) form dense thickets with grassy 
understories. Species in grassy patches include various wheatgrasses, redtop (Agrosris 
stoZonifera), bullrush (Scirpus spp.), horsetail (H@pmhaeze laevigara and Equiserum arvense), 
mullein (Verbasaim rhpszu), mallow, Canada thistle (Cirsium amme), and Russian 
knapweed (Cemaurea repens). 

Soils within this unit occur on nearly level (0-3 percent slopes) floodplains and alluvial 
bottoms. They are consistently deep (greater than 150 cm). Layering within the soils includes 
an organic-rich, loam or sandy loam surface horizon and several organic-rich subsurface 
horizons that vary in texture. Subsurface textures may include sand, loamy sand, sandy loam, 
loam, sandy clay loam, and/or clay loam. The soils are somewhat poorly drained and have a 
seasonal water table within 5-30 cm of the surface. Parent materials include recently and 
historically laid layers of alluvium. Soils generally are classified as fine-loamy, mixed, mesic 
Cumulic Haplaquolls. The family particle size class may vary, depending on the texture of the 
underlying alluvial layers. 

Willow/rush units occur in moister areas adjacent to Willow/grass units. These units support 
many of the Same species as in the willow/grass units, but there is a higher proportion of 
sedges (Carex spp.), rushes (Juncus spp.), horsetails (Hippochaete laevigata and Equisetum 
arvense), field mint (Mentha arvensis), and other wetland plants. 

Soils within this unit occur on nearly level (0-3 percent slopes) alluvial lbottoms. These soils 
are very similar to soils within the Willow/Grass lhabitat type except they are poorly drained 
and have a permanent water table within 50 cm of the surface. Soils generally are classified as 
fine-loamy over sandy , mixed, mesic Cumulic Haplaquolls. 

Grassy areas in the lower section of Montezuma Creek are heavily grazed, making plant 
identification difficult. Plants identified were primarily weed species, including bindweed 
(Convulvulus arvensis) , plantain (Plantago lanceolatai), dock (Rumex crispur), sweetclover 
(Melilorus oficianale and M .  alba), and cheatgrass. 

Soils within this unit occur on nearly level to gently sloping (0-5 percent slopes) alluvial 
bottoms. They are consistently deep (greater than 150 cm). Layering within the soils includes 
a loam surface horizon, which may or may not be organically enriched, and very or extremely 
gravelly subsurface horizons. The soils are somewhat poorly drained and have a seasonal 
water table within 5-30 cm of the surface. A permanent water table is within 75 cm of the 
surface. Parent materials include recently and historically h id  layers of alluvium. Of the two 
soil profiles observed in this habitat type, one is classified as a sandy-skeletal, mixed, mesic 
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Aquic Ustifluvent, and the other is classified as a loamy-skeletal, mixed, mesic 0 cumulicmplaquoll. ‘ 

The rush vegetation unit occurs in moist areas adjacent to grassy areas in the lower part of the 
canyon. Plants include.redtop, foxtail barley, various rushes and sedges, field mint, and 
horsetails. 

Soils within this habitat type occur on nearly level (0-3 percent slopes) alluvial bottoms. They 
are consistently quite deep. Layering within the soils includes a loam surface horizon and one 
or more very gravelly subsurface horizons. The soils are poorly drained and have a pahanent 
water table within 50 cm of the surface. Parent materials include recently and historically laid 
layers of alluvium. Soils generally are classified as loamy-skeletal, mixed, mesic Typic 
Fluvaquents. 

In the absence of extensive site-specific wildlife data, a list of wildlife species that could 
inhabit Southeastern Utah was compiled from the literature. This list is presented in 
Table 4.5- 1. The species list was used in conjunction with records of incidental wildlife 
sightings and the threatened and1 endangered species list in Section 3.3.4 as a basis for 
identifying potential receptors of concern. 

4.5.1.2 Reference Location 

Once on-site data were compiled, a reference location was identified. Various canyons in the 
Monticello area were evaluated to determine whether they were similar enough to Montezuma 
Creek in geology, hydrology, and ecology to be adequate for use as reference areas. Verdure 
Creek was selected as the reference location because of Sts similarity to Montezuma Creek. A 
major difference between Montezuma Creek and Verdure Creek, however, is the presence of 
the City of Monticello in the upper reaches of Montezuma Creek; Verdure Creek does not 
lhave a city in its upper reaches. This difference will lbe considered when site data are 
compared to background data in the ecological risk assessment. Vega Creek, just upstream of 
U.S. Highway 666, was selected as a secondary reference location for sampling media that are 
not available for collection at Verdure Creek. The locations of the reference areas are 
illustrated in Figure 4.5-1. 

4.5.1.3 Preliminary Problem Formulation 

Preliminary problem formulation involves using existing site data to establish preliminary lists 
of COPCs, receptors, and endpoints, and to formulate a preliminary conceptual site model. A 
prelimiiiary list of COPCs is a compilation of uranium mill tailings-related contaminants that 
have been detected by previous soil, sediment, and hydrologic investigations, and priority 0 pollutant metals for which little or no data exist. This preliminary list was presented to the 
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Figure 4.5-1. Proposed Sample Transect Locations for the OU III RI/FS Reference Areas 

September 1995 Remedial Investigation DOE-GJPO 
Page 4-26 DRAFT FINAL RlFS Work Plan 



ETAG in the concept paper, TechnicaZ Approach for the Operable Unit III Risk Assessmenrs 
and Groundwater Modeling (DOE 1994d), and ETAG concurrence was received. Table 4.5-2 
lists the preliminary COPCs for abiotic and biotic media. 

Potential receptors were selected from general species lists for southeastern Utah 
(see Table 4.5-1) and threatened and endangered Species Gists (see Section 3.3.4). The 
following criteria were used to select the indicator species: 

0 High likelihood of exposure. 

0 High social or ecological significance. 

0 Availability of toxicological literature for the species or surrogate. 

0 Possibility of population-level adverse effects from OU III stressors. 

A preliminary list of receptors developed during the October 5, 1994, ETAG meeting includes 
mule deer, beaver or muskrat, golden eagle, peregrine falcon, southwestern willow flycatcher, 
spotted bat, fish in Montezuma Creek, and endangered fish, including razorback sucker 
[Xyrauchen r a m ] ,  bonytail chub [Giza eleganr], humpback chub [Gih cyphz], Colorado 
squawfish [Ptychocheilus Zucius] in the San Juan River (see Figure 4.5-2). 

A preliminary conceptual site model was developed on the basis of expected migration 
pathways of COPCs and the preliminary list of receptors. Figure 4.5-3 illustrates this model. 

Assessment and measurement endpoints were selected to reflect the preliminary receptors of 
concern. These preliminary endpoints are listed in Table 4.5-3. 

The COPC list, receptor list, conceptual site model, and assessment and measurement 
endpoints are refined in Section 4.5.3, Problem Formulation. 
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Figure 4.52. San Juan River Location Map 
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Table 4.5-2. Preliminary COPCs in Abiotic and Biotic Media ai OU I l l  
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Table 4.5-2. Preliminary COPCs in Abiotic and Biotic Media at OU III (Contimed) 

Target Analyte son Sediment 

Radium-226 X x 
Thorium-230 X X 
Thorium-232 X X 

Surface Water Biota 

l 1  X X 
X X I 

Table 4.5-3. Preliminary Assessment and Mearurement Endpoints for OU III. 

I protection of mule deer 
I populations from deleterious 
effects associated with elevated 
concentrations of metals and 
radionuclides. 

I 
Protection of southwestem 
willow flycatcher and spotted 
bat populations from 
deleterious effects associated 
with elevated concentrations of 
metals a d  radionuclides. 

Protection of peregrine. falcon 
populations from deletenous 
effects associated with elevated 
concentrations of me.tals and 
dionuclides . 
Protection of golden ag le  
populations from deletenous 
effects associated with elevated 
Concentrations of metals and 
radionuclides. 

Protection of beaver or 
muskrat populations from 
deleterious effects associated 
with elevated concentrations of 
metals and radionuclides. 

Protection of prey species 
populations from deleterious 
effects associated with elevated 
concentrations of metals and 

~~ ~ 

Measurement Endpoints 

* Measure concentrations of prelixnhry COFCs in willows. 
Measure concentdons of preIimhwy COPCs h perexmid grasses. 

e Measure concentdons of prelixnhry COFCs in bovine or deer liver, kidney 
and muscle. 

0 Conduct population surveys to document foraging behavior, popuhon status 
of mule deer. 

0 Measure concentrations of prelunrnary COPCs in surface water and soils. 

0 Measure concentrations of prelimuwy COPCs in cliff swallow nestlings 
(liver, kidney) as a surrogate for southwestern willow flycatcher and sported 
bat. 

0 Conduct hstopathology analysis on cliff swallow nestling (liver. kidney) to 
d e t e m e  pathological changes. 

0 Conduct population surveys to document avian species occurrence, diversity, 
density. and other indications of population status. 

0 Measure concentrations of prelunmuy COPCs in surface water. 

0 Measure concentrations of prehmmary COPCs m cliff swallow nestlings 
(whole body) to represent dietary intake of peregrine falcons. 

0 Conduct population surveys to document foragmg, nestlng activity of 
pe-regnne falcons. 

0 Measure concentrations of prelunmuy COPCs in surface water and soils. 

0 Measure concentrations of prelunlnary COPCs in ground squirrels to represen 
dietary mtake of golden eagle. 

0 Conduct population surveys to document foraging, nesting activity of golden 
eagles. 

0 Measure concentrations of prellmlnary COPCs in surface water and soils. 

0 Measure concentrations of prelirmnary COPCs in beaver or muskrat liver 
and ludney. 

0 Conduct hstopathology analysis on beaver or muskrat liver and kidney to 
d e t e r n e  pathological changes. 

0 Conduct population surveys to document npanan mammal foragmg behavior, 
population status, species occurrence, diversity, and density. 

Q Measure concentrations of prelrmtnary COPCs in surface water and sediment. 

0 Conduct population surveys for eathwo~11s, benthic invertebrates, and small 
mammals. 

Q Measure concentrations of preliminary COPCs in s u b  water, sediment, am 
soils. 
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Table 4.5-3. Preliminary Assessment and Measurement Endpoints for OU I l l  (Continued). 

I 

' 

Protection of MontePuna. 

'populations and San Juan River 
I endangered fish pophons 
from deleterious effects 
associated with elevated 
concentrations of metals and 
radionuclides. 

kreek small, Ilon-game fish 
e Compare water and sediment o0-0~ tiom Montezuma Creek and the 
San Juan River to benchmark ecotoxicity data to detemme whether 
concentmtions are hmmfd to fish. 
Conduct p o w o n  surveys for fish in MontePuna Creek if water or sediment 
concentrations exceed benchmark ecotoxicity concenCrations. 

4.5.2 PrePhhary Site Calculations 

The preliminary site calculations section includes a toxicity assessment, exposure assessment, 
and risk characterization. The toxicity assessment contains suggested toxicity benchmark 
values and waterquality criteria. The exposure assessment predicts estimated chemical intakes 
on the basis of media ingestion rates by receptors in Montezuma Canyon. The risk 
characterization compares the results of the previous two sections, draws conclusions, and 
makes recommendations that are based on the available data. 

4.5.2.1 Prelimiiary Toxicity Assessment 

Preliminary COPCs for OU $11 are presented in Table 4.5-2. The scientific literature was 
searched for screening criteria or toxicity benchmark values for these COPCs. These values 
represent concentrations at the site that, if exceeded, would indicate a possible risk to 
ecological receptors. 

Data sources that were evaluated for toxicity information include: 

8 TOXLINE (an online database specializing in toxicological data). 

e AQUIRE (EPA's online database for toxicological data on aquatic receptors). 

0 EPA documents. 

These sources were searched for chronic toxicity studies specific to the contaminants and 
receptors at OU 111. Long-term (chronic) studies were preferred over short-term (acute) 
studies because exposure at OU ITI is likely to be chronic for many of the ecological receptors. 
Health effects considered relevant were those likely to adversely affect population success, 
such as decreased reproductive success, decreased survivability, and morbidity. 

When possible, data for OU 111 receptors (see Section 4.5.1.3) and the ingestion exposure 
pathway were used. When receptor-specific data were not available, data for wildlife or 
laboratory animals within the same class as the receptors, or data from other exposure 
pathways, were used. 
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Ideally, no observed adverse effect level (NOAEL) concentrations and lowest observed adverse 
effect level (LOAEL) concentrations from the literature were identified for each contaminant 
and1 each receptor. The lowest LOAEL and the highest NOAEL from the literature were used 
in preliminary calculations. When the IOAEL was lower than the NOAEL, the LOAEL was 
used. When the chronic NOAEL was greater than the subchronic NOAEL, the chronic 
NOAEL was used. When NOAEL and LOAEL concentrations were not available, L D b  
(lowest lethal dose) coqcentrations, TDLo (lowest toxic dose) concentrations, LC, 
(concentration at which 50 percent of exposed organisms die) values, and LD, (dose at which 
50 percent of exposed organisms die) values were considered; these data are not as certain as 
NOAEL and LOAEL concentrations. 

When LOAEL concentrations were presented in chronic, non-lethal studies, the LOAEL 
concentrations were used without uncertainty factors. However, if chronic, non-lethal studies 
were not found, the following conservative uncertainty factors were applied: 

0 Each LDs, value was divided by 100. 

0 Lethal-endpoint LOAEL values for birds and mammals were divided by 10. 

Values with lethal- or reproductive-endpoint LOAEL values for plants and soil fauna were 
divided by 10. 

0 No uncertainty factors were applied to LCso, LDS0, or TDLo values. 

Many values were reported as dietary concentrations (Le., milligrams per kilogram [mg/kg] 
diet or ppm). Dietary concentrations were converted to intakes (mg/kg body weighvday) 
using dietary i'ngestion rates. 

Toxicological literature data are presented in Tables 4.5-4 and 4.5-5. Toxicity benchmark 
values (TBVs) for animals are in Table 4.5-4; TBVs for plants and soil fauna are in 
Table 4.5-5. Values in boldface were used to calculate hazard quotients (see Section 4.5.2.3). 

Preliminary Ecotoxicity Profiles 

A number of the metals present in Montezuma Canyon are essential in small' amounts for 
animal nutrition. These include, but are not limited to, chromium, copper, iron, manganese, 
and zinc. Animals have developed a variety of homeostatic mechanisms for metabolism of 
essential metals, so these metal's are less likely to produce toxic effects than are the 
nonessential elements such as barium, cadmium, and lead. Nevertheless, physiological control 
mechanisms can be overwhelmed or circumvented and some essential elements can produce 
toxic effects when an organism's exposure to concentrations greater than the optimum levels 
occurs. 

The toxicity of many elements is influenced by the chemical speciation in which they occur. 
Concentrations in food stuffs and water are often the most important, although soil ingestion 
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may be a significant route of exposure for some animals. Recause potentially toxic trace 
elements occur in different chemical forms of varying toxicity, total concentration of some 
elements in the exposure media may not be a good predictor of potential adverse effects. This 
section attempts to identify both highly toxic and environmentally predominant forms in abiotic 
media in order to provide insight into potential health risks. 

Toxicity data were not available for all of the COPCs listed in Table 4.5-2. Emtoxicity 
profiles for most of the COPCs are provided below. 

Aluminum is not known to be an essential element in animal nutrition. Intestinal absorption is 
generally very poor, and toxicity is low in comparison to that of many other metals. 

Antimony has been reported to produce toxicity in several species of aquatic life, but studies 
on terrestrial wildlife and birds are lacking. 

Arsenic can have multiple valance states. In general, inorganic arsenic compounds are more 
toxic than organic compounds. Organic arsenicals are used as feed additives in agriculture, 
and their biological fate and toxicity differ from those of the inorganic forms. Trivalent 
inorganic arsenicals (arsenites) are often more toxic than pentavalent compounds (arsenates). 
Arsenic is a teratogen and carcinogen that may cause death or malformations in mammals. 
Arsenic does not tend to bioaccumulate or biomagnify because it is readily metabolized' and 
excreted. The arsenate form is likely to predominate in Montezuma Creek. 

Barium is stimulatory but not essential to animals. It is considered relatively nontoxic at 
physiological concentrations, but toxic at higher levels. Homeostatic mechanisms maintain 
normal levels of barium to some extent. 

Cadmium is highly toxic to most species at relatively low levels and it is bioaccumulative. 
Cadmium is not controlled by homeostasis; it is retained in tissues, and body burdens may 
increase with age an'd exposure duration. Freshwater biota tend to be sensitive to cadmium. 

Chromium is an essential trace metal for mammals. Chromium is toxic at high doses, and 
certain chemical species are highly toxic. Hexavalent chromium is the most toxic form, 
although little information is available on the toxicological properties of organic chromium 
compounds, water-soluble chemical species, or interactions of different chromium compounds 
in complex mixtures. Hexavalent chromium is chemically reduced in the acid fluid of the 
mammalian stomach. Chromium concentrations are usually highest at the lowest trophic 
levels, which may be in more direct contact with the abiotic source media. Biomagnification 
has not been observed in food chains. Hexavalent chromium is unlikely to be present at 
Montezuma Creek. 

Copper is an essential trace metal that stimulates growth when moderately high levels are fed 
to mammals, but it is highly toxic to aquatic organisms. Ruminants (e.g., cattle) tend to be 
more sensitive to copper toxicity than monogastric animals. 
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Iron is an essential metal. It is generally not considered to be toxic; however, high doses may 
be toxic to mammals. Little information is available regarding toxicity of iron to aquatic 
organisms. Iron may be toxic to freshwater aquatic species under mildly acidic conditions. 

Lead is a nonessential'metal. Lead compounds are readily absorbed from the digestive tract. 
Organic lead compounds are more toxic than inorganic salts because they are more readily 
bioavailable. Organic lead compounds have greater lipid solubility, higher stability in 
biological fluids, and greater assimilation into target tissues such as the central nervous system 
and the brain. However, inorganic species are the primary forms of lead in the environment. 
Inorganic lead may be toxic to aquatic and terrestrial biota. Inorganic lead is the most likely 
form of lead to be related to millsite activities. 

Manganese salts appear to be among the least toxic of the essential metals. An efficient 
homeostatic mechanism prevents manganese from accumulating in tissues. Toxic or adverse 
effects due to exposure to manganese are not common. 

Mercury is a nonessential element for animals. It occurs in inorganic and organic forms; 
organic mercury is more bioavailable and more toxic than inorganic mercury. Inorganic 
mercury is methylated in biotic and abiotic media. Mercury is bioaccumulative. 

Selenium also is an essential trace element that is toxic at greater than optimum doses. 
Selenium is bioconcentrated to some extent by both aquatic and terrestrial species. Plants can 
concentrate selenium to levels that are toxic to mammals. Selenium is toxic to aquatic and 
terrestrial life and has been indicated as a teratogen in waterfowl. 

\ 

Uranium, aside from its radiological properties, is primarily toxic to the kidney. It also 
concentrates in bone tissue. Parkhurst et al. conducted laboratory tests in which brook trout 
(Salvelinus fontiruzlis) and fathead minnows (Pimephales promelas) were exposed to uranium 
(Parkhurst et al. 1984). Concentrations estimated to be chronically toxic exceeded 9 
milligrams per liter (mg/l) (Parkhurst et al. 1984). Hardness and alkalinity inversely 
influenced uranium toxicity in this study. In a lake contaminated by uranium mine tailings, no 
adverse effects on blood hematocrit, rates of parasitism, and1 histopathology were detected in 
whitefish (Coregonus clupeafomis) (Waite et al. 1990). 

Zinc is an essential trace metal that is relatively nontoxic because of efficient homeostatic 
mechanisms that maintain a proper balance within the body. High concentrations in water may 
adversely affect aquatic life. 

Surface Water Criteria 

Surface water criteria for aqua ic receptors include the federal Ambient Water Quality Criteria 
(AWQC) and Utah State Standards presented in Table 4.5-6. The value for uranium is the 
chronic value reported by Parkhurst (Parkhurst et al. (1984). Surface water criteria for 
terrestrial receptors are presented in Table 4.5-6 as well. The media specific ingestion rates 
used to derive these surface water criteria are described in Section 4.5.2.2. These criteria are 
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Table 4. S-6. Summary of Preliminary Surface Water Criteria for Aquatic and Terrestrial Receptors 

' , I  
. . I  

Federal and State Criteria 
I I , . .  

ug/L ' ' ' 

Federal AWQC Utah State (MA) Pascrinc Raptor Small Law Small La% 
AJlalyte Acute Chronic Acute Chronic Herbivore H e r b i i  Omnivore Omnivrm 

Ag 
AI 
As 
Ba 
Be 
a 
co 
cr 
c u  
Fe 
Hg 
Mn 
Mo 
Na 
Ni 
NO3 
Pb 
so 
sb 
se 
Sn 

U 
V 
zn 
K40 

Re-226 
Ra-228 
Th-230 
m232 
U-234 
U-23E 

n 

4.1 
750 
360 
NA 
130 

NA 

18 
NA 
2.4 

NA 
NA 
NA 

1400 e 

NA 

NA 
88 

NA 
1400 
NA 
NA 

NA 

3.9 

1700 * 

8 2 -  

m 

im 

4.8 
NA 
NA 
NA 
NA 
NA 

0.12 

190 
NA 
5.3 

NA 

m 

1.1 

210 
I2 

loo0 
0.012 

NA 
NA 
NA 

NA 

NA 
30 
5 

NA 
40 

9OOo' 
NA 
110 e 
NA 

4.8 
NA 
NA 
NA 
NA 
NA 

I60 

32 

4.1 

360 
NA 
NA 

NA 
1700 

18 
IO00 
2.4 
NA 
NA 
NA 

NA 

NA 
NA 
20 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

no 

3.9 

1400 

a2 

120 * 

0.12 
87 

190 
NA 
NA 

NA 
1.1 a 

210 
12 

loo0 
0.012 
NA 
NA 
NA 

NA 

NA 
NA 

5 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

160 e 

3 3  

110 

NA 
NA 

56.00 
aooo.00 

NA 
0.80 
NA 
NA 

116.00 
NA 
0.07 
NA 
NA 
NA 
NA 
NA 

58.00 
NA 
NA 
0.35 
NA 
0.95 

344.00 
NA 
6.80 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

56.00 
4o00.00 

NA 
0.80 
NA 
NA 

116.00 
NA 
0.07 
NA 
NA 
NA 
NA 
NA 

!mo 
NA 
NA 

O S  
NA 
0.95 

344.00 
NA 
6.80 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

325.00 
NA 

19.00 
25.50 

1Lso 
NA 
NA 

500.00 
0.90 

700.00 
NA 
NA 

120.75 
NA 
1 3  
NA 
NA 
0.29 
NA 
NA 

14.00 
NA 
m.00 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.70 

75.00 

Note: Utah criteria for metak arc for disotvcd fraction, not to be enxcded more than once m y  3 yea- average. Acute = 1 hr 

- indicates hardness dcpcndent criteria; hardness of 100 mg/L wd to calculate criteria. 
NA - Cdter& wt milable m the literature r e v i d  
P - value reponed by Parkhurst et rL (1984) 

'average; Qmnk - 4 day average. Inoganics - u%L; radionuefida = pCi& 

1WO.00 
NA 
40.00 

lDM0 
10.80 
0.04 
NA 
NA 
IMK) 

2o00.00 
3.a 

1 6 0 0 ~  
NA 
NA 

483.00 
NA 
am 
NA 
NA 
1.60 
NA 
NA 
rn 
NA 

mm 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

smm 
NA 
30.40 
40.80 
4.32 

NA 
NA 

m m  
1.44 

NA 
NA 

19320 
NA 
240 
NA 
NA 
0.46 
NA 
NA 
22.40 
NA 

m.00 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

20.00 

imm 

iimm 

1wo.00 
NA 
76.00 

102.00 
10.80 
so.00 
NA 
NA 

3ao.m 
m.00 

tJ.00 
mal 

NA 
NA 

483.00 
NA 
6.00 
NA 
NA 
1.14 
NA 
NA 

56.00 
NA 
m.00 

NA 

NA 
NA 
NA 
NA 
NA 
NA 



calculated from TBVs in Table 4.5-4, and are those concentrations in surface water that 
correspond to TBV, assuming 100 percent of chemical intake from the surface water medium. 

Sediment Criteria 

Sediment criteria were compiled by Bennett and Cubbage and are reported in Table 4.5-7. 
Values for uranium were unavailable (Bennett and Cubbage 1991). Therefore, the values 
observed by Waite, where no adverse effects were documented in whitefish, are recommended 
at this time (Waite et al. 1990). This concentration may be overly conservative, as 
concentrations correlating with adverse health effects were unavailable. 

4.5.2.2 h m r y  Exposure Assessment 

The Exposure Assessment presents the complete exposure pathways, media ingestion rates, 
summaries of available abiotic data, and estimates chemical-specific intakes. 

Complete Exposure Pathways 

Exposure pathways for each of the receptors of concern are outlined in Figure 4.5-3, the 
preliminary conceptual site model. An exposure pathway is considered complete if it contains 
a source and/or exposure medium, a mechanism of release, an exposure route, and a receptor. 
It is unlikely that all of the exposure pathways in the conceptual site model are complete. For 
the purposes of the preliminary site calculations, only those pathways that are expected to be 
primary sources of exposure to the receptors are evaluated. 

In some instances, exposure pathways that may be complete could not be quantified for some 
chemicals because ltoxicity information was unavailable. In other cases, the pathway was 
qualitatively evaluated and was found to be an unlikely source of significant exposure, and was 
not quantified. 

Table 4.5-7. Preliminary Summary of Sediment Criteria for Metals 

1 

I 
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Table 4.5-7. Preliminary Summary of Sediment Criteria for Metals (Continued) 

Mercury 

Nickel. 

Selenium 

silver 

Uranium 

zinc I 

I 

I 

0.1 - 0.6 
16 - 100 

1 - 2  
I 
I 0.5 

27** 

e90 - 820 

Inhalation, ground-water ingestion, and direct contact with water, sediment, and soil were not 
evaluated in these preliminary calculations. Exposure from these pathways probably is 
minimal for the following reasons: 1) air monitoring data indicate only low levels of 
radionuclides are present (air data are discussed more thoroughly in Section 3.4), 2) few seeps 
of sufficient flow to provide drinking water to wildlife have been identified in the canyon, so 
ground water ingestion is expected to be an insignificant exposure pathway, and 3) the metals 
and radionuclides at the site are not easily absorbed through the skin. 

Indirect exposure routes, such as ingestion of prey, are likely to provide less exposure for 
nonbioaccumulative chemicals than the direct exposure routes. Because most of the 
preliminary COPCs at the site are metals that are not expected to be highly bioaccumulative, 
this pathway would provide less exposure than ingestion of source media. Therefore, these 
indirect routes were not evaluated in these preliminary calculations. 

Media Ingestion Rates 

Water-ingestion rates for various animals were used to calculate acceptable contaminant 
concentrations in surface water. The suggested surface-water criteria (Table 4.5-6) for 
terrestrial receptors were obtained by using the following water ingestion rate values (Sax 
1984): 

Passerine 
Raptor 
Small herbivore 
Large herbivore 
Small omnivore/carnivore 
Large omnivore/carnivore 

Ingestion Rate - 
0.25 Chicken 
0.25 Chic ken 
0.20 Mouse 
0.05 cow 
0.125 Rat 
0.050 Dog, Cat 
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Other values documented by EPA Wddge Exposure Facorfs Handbook (EPA 1993e) indicate 
lower ingestion rates for avian species, but similar ingestion rates for small herbivores 
(Table 4.5-8). Actual ingestion rates for water are expected to vary by Species, as well as by 
season, because of varying water contents of diet and differences in water demand. 

Common Name* 

Northern bobwhite 

NA 

Meadow vole 

T d l e  4.5-8. Preliminary Water Ingestion Rates for rhe Terrestrial EcoIogical Receptors 

Water Ingestion !Rate 
(Lnca bwlday) Mean (range) 

0.07'7 (0.034 - 0.131) 

Assume 0.1 

0.21 

Ecological Receptor 
catflgory 

Birds - g d  

Deer mouse 

Prairie vole 

NA 

Mink ' 

Raptors 

0.19 (0.126 - 0.34) 
0.242 (0.132 - 0.43) 

0 a C  

Assume 0.1 

0.080 (0.028 - 0.133) 

Mammals-Small 
herbivores 

Large herbivores 

Camivoredomnivores 

I 1 

NA - Not available 
* Species for whch water mgastion dah were not available. 

EPA 1 9 9 3 ~  
Arithmetic mean of mean water ingestion rates for meadow vole, deer mouse, and prairie vole. 

b 

Soil ingestion rates are presented in Table 4.5-9. Soil ingestion is typically expressed as a fiaction 
of dietary intake. For wetlandlriparian animals such as beaver, sediment is assumed to provide the 
bulk of the daily soil ingestion Upland animals such as ground squirrels are assumed to contact 
soils, but not sediments. 

Daily soil ingestion was based on information obtained in Beyer (Beyer et al. 1994), where 
percent soil in diet was multiplied by total daily dietary intakes to obtain a daily soil ingestion rate 
as follows: 

Dietary Ingestion Rate x Percent Soil' in Diet = Soil Ingestion Rate 
(kg dietkgbw) (fraction) (kg soiykgbw) 

Dietary and soil ingestion rates are unavailable for all1 of the ecological receptors identified at the 
site. Therefore, average dietary ingestion rates and average percent soil in diet were determined 
for each category of ecological receptor on the basis of data available for similar species. 
Table k . S - 9  presents the ecological receptor category to which the soil ingestion rate is applied, 
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Ecological IReceptor 

Birds - general 

Representative (Test) 
Species 

Woodcock 

Northern Bobwhite 

American Robin 

Soil Ingestion Rate 
(kg soilkg bwldny) 

0.028 
I 

0.0048 

0.0078 

0.0048 

0.001 1 

0.001 1 

I 

0.0077 

I 

1 1  

I 

I 

I 

I 

Raptors 

Arithmetic Mean 

American Kestrel 

' 

l 

Deer Mouse ~ 0.211 (0.07 - 0.38) 
Prairie Vole ~ 0.125 (0.09 - 0.14) 

~ Muskrat 

1 White-footed Mouse 

0.32 (0.31 - 0.33) 

NA 

Mule deer 

Arithmetic Mean 
Shrew ' 
Fox Squirrel 

0.053 c 2  

0.053 < 2  

0.59 (0.49 - 0.76) NA 
I 

~1 0.059 NA 

Table 4.5-9. Preliriiirinry Birds and Mammals Soil arid Dietary Ingestion Rates for 

' Dietary Ingestion Rate ' 
(kg diet/kg bwlday) 

Mean (range) 

N A  

Percent Soil 
in Diet * . 

9.11 

NA 80.089 (0.067 - 0.11 

NA 0.63 (0.75 - 1.52) 

N A  I I Turkev 6.2 

0.36 7.65 

NA 0.211 (0.1 11 - 0.31) 

I I Red-tailed Hawk ~1 0.089 (0.055 - 0.1 12) 
~~ 

11 I Arithmetic Mean 11 0.17 I Assume 2.8 
~~ 

~ Small herbivores 11 Meadow Vole lI 0.325 (0.3 - 0.35) 2.4 
NA 

NA 

'1 NA I 2.7 

NA 

c 2  
1' Arithmetic #Mean 11 -0.24 2.4 

Small 
Carnivores/Ornnivores 

I Arithmetic Mean '1 0.32 I Assume2.4 
NA - not available 
' EPA, 1993c 

Beyer et al., 1991 



and the common name of the species for which data were available. The dietary ingestion rate, 
percent soil in diet, and1 a calculated soil ingestion rate also are presented. 

Where both a percent soil in diet and a dietary ingestion rate were obtained, a receptor specific 
soil ingestion rate was’ calculated. However, because most of the data available are for animals 
that are not target receptors for OU III (e.g., American robin), average values were determined 
for percent soil in diet and dietary ingestion rate for each catagoxy of receptor (e.g., passerine 
birds, raptors, small herbivorous mammals, etc.), and these average values were used in the 
calculations for site-specific receptors. These average values are presented in Table 4.5-9. 
Average values were not calculated for large herbivores because only one percent-soil-indiet 
value was available. Average values also were not calculated for camivores/omnivores 
because one value was for an upland animal and the other for a wetland species and it islikely 
that wetland1 species may ingest more soil/sediment than upland species. 

Abiotic Media Data 

The preliminary list of COPCs that are used in the Preliminary Site Calculations is presented 
in Table 4.5-2. Concentrations of COPCs in each abiotic medium were taken from previous 
investigations conducted for OU 111. Surface water concentrations represent the mean and 
95 percent upper confidence limit (95% UCL) contaminant concentrations in surface water \ 

samples collected between November 1, 1992, and May 10, 1994. Soil and sediment 
concentrations represent mean and 95% UCL contaminant concentrations in soil and sediment 
samples collected in October 1994. 

The concentrations observed in surface water upgradient of the millsite, at the millsite, and 
downstream of the millsite are presented in Table 4.5-10. Soil data are presented in 
Table 4.5-1 I.  

Daily Intakes 

Daily intakes (milligram chemical/kilogram body weighdday I[mg/kg bw/dayJ) for the 
ecological receptors were calculated for ingestion of surface water and soil. These values were 
obmned by multiplying the soil ingestion rates (Table 4.5-9) by the exposure point concentra- 
tions in sediment and soils. or by multiplying the water ingestion rates (Table 4.5-8) by the 
exposure point concentration in surface water 

Chemical intake for ingestion of contaminated surface water was estimated as follows: 

Exposure Point Concentration x Daily Intake Rate = Chemical Intake 
(PgW (l/kg bw) (&kg bw/day) 
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Table 4.5-10. Preliminary Surface Water Summary Data for Inorganics (pg/L) and Radionuclides (PCiL) 

Up Gradient On Site Down Gradient Federal AWQC Utah Sfate (3A) 
Analyte Mean Max Mean Max Mean Max Acute Chronic Acute Chmnk 

Ag' 
A/ 
As 
Ba 
Be 
Ca 
Cd" 
co 
CT 
cue 
Fe 

Mn 
Mo 
Ni" 
NO3 
Pb" 
SO4 
Sb 
Se 
Sn 

U 
V 
a" 
K40 

Ra-226 
Ra-228 
Th-230 
Th-232 
u-234 
U-238 
NO3 

, Hg 

n 

ND 
433.00 

4.40 
83.90 

ND 
165292.40 

ND 
6.60 
4.90 

10.10 
716.00 

ND 
266.00 

10.00 
5.00 
NA 

1.90 
22361 1.90 

0.80 
2.20 
NA 
NO 

19.80 
9.30 

11.70 
NA 

ND 
1450.00 

11.00 
141.00 

ND 
43 1000.00 

ND 
6.60 
4.90 

10.10 
1670.00 

ND 
1000.00 

20.20 
13.30 

NA 
24.50 

100000.00 
2.00 
9.70 
NA 
ND 

103.00 
29.80 
34.00 

NA 

NO 
443.00 
139.60 
56.10 

ND 
2023 10.00 

ND 
ND 
ND 

6.40 
480.60 

0.20 
167.60 
1 75.00 

5.20 
NA 

1.20 
600493.00 

0.80 
38.00 

NA 
NO 

652.10 
3856.30 

12.30 
NA 

NO 
1360.00 
1250.00 
117.00 

ND 
358000.00 

NO 
ND 
ND 

65.10 
1400.00 

0.20 
785.00 

2450.00 
11.40 

NA 
5.10 

138000.00 
2.20 

540.00 
NA 
NO 

3230.00 
52000.00 

38.30 
NA 

NO NO 
1007.00 3550.00 

2.80 15.10 
64.40 103.00 

ND NO 
146986.00 324OOO. 00 

ND ND 
NO NO 

5.10 26.30 
2.50 10.70 

1004.80 4450.00 
ND ND 

183.90 460.00 
13.90 90.90 
6.40 11.60 
NA NA 

2.10 6.50 
385105.60 787000.00 

0.70 1.90 
2.30 19.60 
NA MA 
NO NO 

93.60 508.00 
20.80 280.00 
24.60 86.70 

NA MA 

0.60 2.40 2.40 9.1 0.30 1.3 
NO ND ND ND NO NO 

0.07 0.20 0.54 0.81 0.12 0.58 
0.06 0.09 ND NO MA NA 
8.30 39.30 228.30 1064.7 33.90 176.5 
6.90 38.10 228.40 1063.5 33.50 174.2 
NA NA NA NA NA NA 

4.1 
NA 
360 
NA 
130 
NA 
3.9 
NA 

1700 
18 

NA 
2.4 
NA 
NA 

1400 
15 
83 

NA 
88 
20 
15 

1400 
9000 

NA 
120 
15 

NA 
NA 
NA 
NA 
NA 
NA 
15 

0.12 
NA 
190 
NA 
5.3 
NA 
1.1 
NA 
210 

12 
loo0 

0.012 
NA 
NA 
160 
15 

3.2 
NA 
30 
5 

15 
40 

go00 
NA 
110 
15 

NA 
NA 
NA 
NA 
NA 
NA 
15 

4.1 
750 
360 
NA 
NA 
NA 
3.9 
NA 

1700 
18 

1000 
2 4  
NA 
NA 

1400 
15 
82 

NA 
NA 
20 
15 

NA 
NA 
NA 
120 
15 

NA 
NA 
NA 
NA 
NA 
NA 
15 

0.12 
87 

190 
NA 
NA 
NA 
1.1 
NA 
210 

12 
lo00 

0.012 
NA 
NA 
160 
15 

3.2 
NA 
M 

5 
15 

NA 
M 
NA 
110 
15 

NA 
NA 
NA 
NA 
NA 
NA 
15 

Note: Utah Criteria for metals MB for dissolved @action, not to be exceeded more than once every 3 years, average. Acute = 1 hr 
8vemg8; Chmnic = 4 day average. lno~anics = pgll.,- radionuclides = pCuL e M a t e s  hardness dependent &&a; hardness of 100 mgn 



Table 4.5-11. Concentratiom of AnaI$es in Soil samples Collected 
During I994 Confirmatory Soil sbmpling - 

Ag 
Al 
As 
Ba 
Be 
Cd 
co 
Cr 
cu 
Fe 
Hg 
K40 
Mn 
Mo 
Ni 
Pb 

Ra226 
Sb 
Se 
Sn 

Th232 
Tl 
U 
V 
Zn 

m m  
Avg. uc195 
0.12 0.3 

8503.12 
7.36 

169.06 
0.52 
0.2 
5.87 
6.95 
57.95 

11331.25 
0.02 
15.46 
383.12 
1.55 
10.81 
13.03 
17.91 
2.8 
0.59 
1.95 
1.77 
0.16 
17.77 
105.69 
50.5 

S u m m e d  from analybcal data lor soit samp&s cdleded October 1994 

1 15 1 1.67 
13.62 
245.7 
0.69 
0.59 
8.49 
9.62 

166.61 
14898.16 

0.03 
25.37 
472.57 
2.81 
13.11 
19.84 
61.36 
6.22 
1.63 
2.81 
4.38 
0.45 
41.26 
341.19 
68.49 
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Table 4.5-1 3. Preliminary Intakes (mgkg bwhiay) of Contaminants from Sur$ace Soil Ingestion 

Small ILarge 
IPasserine Raptor Small Herbivore Large Herbivore Omnivore/Camivore OmnivordCamivare 

Analyte Mean RME Mean RME Mean RME Mean RME Mean RME Mean RME 

Ag 0.00 
AI 234.18 
As 0.20 
Ba 4.66 
Be 0.01 
Cd 0.01 
co 0.16 
Cr 0.19 
cu 1.60 
Fe 312.06 
Hg 0.00 
K40 0.43 
Mn 10.55 
Mo 0.04 
Ni 0.30 
Pb 0.36 
Ra226 0.49 
Sb 0.08 
Se 0.02 
Sn 0.05 
Th232 0.05 
TI 0.00 
U 0.49 
v 2.91 
zn 1.39 

0.01 
31 7.03 

0.38 
6.77 
0.02 
0.02 
0.23 
0.26 
4.59 

410.30 
0.00 
0.70 

13.01 
0.08 
0.36 
0.55 
1.69 
0.1 7 
0.04 
0.08 
0.12 
0.01 
1.14 
9.40 
1.89 

0.00 
40.47 
0.04 
0.80 
0.00 
0.00 
0.03 
0.03 
0.28 

53.94 
0.00 
0.07 
1.82 
0.01 
0.05 
0.06 
0.09 
0.01 
0.00 
0.01 
0.01 
0.00 
0.08 
0.50 
0.24 

0.00 
54.80 
0.06 
1.17 
0.00 
0.00 
0.04 
0.05 
0.79 

70.92 
0.00 
0.12 
2.25 
0.01 
0.06 
0!09 
0.29 
0.03 
0.01 
0.01 
0.02 
0.00 
0.20 
1.62 
0.33 

0.00 0.00 0.00 
48.98 66.311 9.01 
0.04 0.08 0.01 
0.97 1.42 0.18 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.03 0.05 0.01 
0.04 0.06 0.01 
0.33 0.96 0.06 

65.27 85.811 12.01 
0.00 0.00 0.00 
0.09 0.15 0.02 
2.21 2.72 0.41 
0.01 0.02 0.00 
0.06 0.08 0.01 
0.08 0.1 11 0.01 
0.10 0.35 0.02 
0.02 0.04 0.00 
0.00 0.01 0.00 
0.01 0.02 0.00 
0.01 0.03 0.00 
0.00 0.00 0.00 
0.10 0.24 0.02 
0.61 1.97 0.1'1 
0.29 0.39 0.05 

0.00 
112.20 
0.01 
0.26 
0.00 
0.00 
0.01 
0.01 
0.18 

15.79 
0.00 
0.03 
0.50 
0.00 
0.01 
0.02 
0.07 
0.01 
0.00 
0.00 
0.00 
0.00 
0.04 
0.36 
0.07 

0.08 
65.30 
0.06 
1.30 
0.00 
0.00 
0.05 
0.05 
0.45 

87.02 
0.00 
0.12 
2.94 
0.01 
0.08 
0.10 
0.14 
0.02 
0.00 
0.01 
0.01 
0.00 
0.14 
0.81 
0.39 

0.00 
88.41 
0.10 
1.89 
0.01' 
0.00 
0.07 
0.07 
1.28 

1 14.42 
0.00 
0.19 
3.63 
0.02 
0.10 
0.15 
0.47 
0.05 
0.01 
0.02 
0.03 
0.00 
0.32 
2.62 
0.53 

0.0q 
50.99 
0.04 
1 . O l  
0.00 
0.00 
0.04 
0.04 
0.35 

67.96 
0.00 
0.091 
2.30 
0.01 
0.06 
0.08 
0.1 1 
0.02 
0.00 
0.01 
0.01 
0.00 
0.1 1 
0.63 
0.30 

0:00 
69.04 
0.08 
1.47 
0.00 
0.00 
0.05 
0.06 
1.00 

89.35 
0.00 
0.1 5 
2.83 
0.02 
0.08 
0.12 
0.37 
0.04 
0.01 
0.02 
0.03 
0.00 
0.25 
2.05 
0.41 



Chemical intake for ingestion of contaminated soil and sediment was determined by applying 
the average soil ingestion rate to the exposure point concentration as follows: 

Exposure Point Concentration x Soil Ingestion Rate = Chemical Intake 
(mg/kg) W k g  bw) (mg/kg bw/day) 

Daily intakes of chemicals in surface water and soil are presented in Tables 4.5-12 and 4.5-13, 
respectively. 

4.5.2.3 Prelimilaary Risk Characterization 

Preliminary characterization of risk to passerine birds, raptors, small herbivores, small 
omnivores, and large herbivores was performed through the use of a hazard quotient approach. 
Hazard quotients were calculated by dividing daily chemical intakes flables 4.5-12 and 
4.5-13) or surface water concentrations (Table 4.540) by benchmark values (Tables 4.5-4, 
4.5-5, 4.5-6 and 4.5-7). Hazard quotients that exceed 1.0 indicate a potential for ecological 
risk. To obtain hazard preliminary quotients, the following comparisons were made (1) 
chemical intake from surface water to wildlife-specific benchmarks, (2) chemical intake from 
soil to wildlife-specific benchmarks, (3) surface water concentrations to Federal ambient water 
quality criteria, and (4) surface water concentrations to Utah State water quality standards. 
Hazard quotients from these comparisons are presented in Tables 4.5-14, 4.5-15, 4.5-16, and 
4.5-17; the results are summarized below. 

Surface Water Ingestion 

Passerine 
Incomplete toxicological or analytical data were available for aluminum, cobalt, 
chromium, iron, manganese, molybdenum, nitrate, nickel, sulfate, antimony, tin, 
vanadium, and radionuclides. 

Silver, beryllium, cadmium, and thallium were not detected in any surface-water samples. 
Preliminary hazard1 quotients were calculated for arsenic, barium, copper, mercury, lead, 
selenium, uranium, and zinc. 

No preliminary hazard quotient exceeded 1 .O. 

Raptor 
Incomplete toxicological or analytical data were available for aluminum, cobalt, chromium, 
iron, manganese, molybdenum, nitrate, nickel, sulfate, antimony, tin, vanadium, and 
radionuclides. 

Silver, beryllium, cadmium, and thallium were not detected in any surface water samples. 

Preliminary hazard quotients were calculated for arsenic, barium, copper, mercury, lead, 
selenium, uranium, and zinc. 
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Table 4.5-15. Preliminary Hazard Quotients Based on Soil Ingestion 

Passerine Raptor Small herbivore Large herbivore smn omnivaelcanrirmn, 
h l y t e  TBV Avg.HQ RMEHQ TBV Avg.HQ RMEHQ TBV Avg.HQ RMEHQ TBV Avg.HQ RME'HQ TBV Avg.HQ RMEHQ 

Ag 
Al 
As 
Ba 
Be 
Cd 
co 
Cr 
cu 
Fe 

U40 
Mn 
Mo 
Ni 
Pb 
Ra226 
Sb 
Se 
Sn 
Th232 

U 
v 
zn 

Hg 

n 

NA 
NA 
14 

lo00 
NA 
0.2 
NA 
NA 
29 
NA 

0.018 
NA 
NA 
NA 
NA 

14.5 
NA 
NA 

0.088 
NA 
NA 

0.237 
86 
NA 

0.17 

NA 
NA 

0.01 
0.00 
NA 

0 03 
NA 
1NA 

006 
NA 

0 03 
1NA 
NA 
NA 
NA 

0.02 
NA 
NA 

0.18 
NA 
NA 

0.02 
0.01 
NA 

8.18 

NA 
NA 

0.03 
0 01 
NA 

0 08 
NA 
NA 

0.16 
NA 

005 
NA 
NA 
NA 
NA 

0.04 
NA 
NA 

0.51 
NA 
NA 

0.05 
0.01 
NA 

11.10 

NA 
NA 
14 

1000 
NA 
0.2 
NA 
NA 
29 
NA 

0.01 8 
NA 
NA 
NA 
NA 

14.5 
NA 
NA 

0.088 
NA 
NA 

0.237 
06 
NA 

0.117 

1NA 
1NA 
000 
000 
NA 

0.00 
NA 
NA 

0.01 
NA 

0.01 
NA 
NA 
NA 
NA 

0.00 
NA 
NA 

0.03 
NA 
NA 

0.00 
0.00 
NA 

1.41 

TBV - toxicitybenchmark value. mgkg bwday. see Table 4.W. 
HQmhazardquotient 

NA 
NA 

0.00 
0.00 
NA 

0.01 
NA 
NA 

0.03 
NA 

0.01 
NA 
NA 
NA 
NA 

0.01 
NA 
NA 

0.09 
NA 
NA 

0.01 
0.00 
NA 

132 

65 
NA 
3.8 
5.1 
0.54 
2.5 
NA 
NA 
36 
100 
0.1 8 
NA 

290 
1NA 

24.15 
0.3 
INA 
NA 

0.057 
NA 
NA 
NA 
2.8 
NA 
15' 

0.00 
NA 

0.01 
0.19 
0.01 
0.00 
NA 
NA 

0.01 
0.65 
0.00 
NA 

0.01 
NA 

0.00 
0.25 
NA 
NA 

0.m 
NA 
NA 
NA 

0.04 
NA 

0.00 

0.00 
NA 

0.02 
0.28 
0.01 
0.00 
NA 
NA 

0.03 
0.86 
0.00 
NA 

0.01 
NA 

0.00 
0.38 
NA 
NA 

0.16 
NA 
NA 
NA 

0.08 
NA 

0.01 

6s 
NA 
2 

5.1 
0.54 
0.002 
NA 
NA 
0.4 
100 
0.18 

I NA 
80 
INA 

24.15 
1.2 
NA 
NA 

0.08 
NA 
NA 
NA 
2.8 
NA 
40 

0.00 
NA 

0.00 
0.04 
0.00 
0.1 1 
NA 
NA 

0.15 
0.12 
0.00 
NA 

-0.01 
NA 

0.00 
0.01 
NA 
NA 

0.01 
NA 
NA 
NA 

0.01 
NA 

0.00 

0.00 
NA 

0.01 
0.05 
0.00 
0.31 
NA 
NA 

0.44 
0.16 
0.00 
NA 

0.01 
NA 

0.M) 
0.02 
NA 
NA 

0.02 
NA 
NA 
NA 

0.02 
NA 

0.00 

65 
NA 
3.8 
5.1 
0.54 
25 
NA 
INA 
36 
100 
0.1 8 
NA 
290 
NA 

24.15 
0.3 
NA 
NA 

0.057 
NA 
NA 
NA 
2.8 
NA 
15 

0 . 0  
NA 

0.01 
0.25 
0.01 

NA 
NA 

0.01 
0.87 
0.00 
NA 

0.01 
w 

0.00 
0.33 
INA 
NA 

0.08 
r4A 
NA 
NA 

0.05 
NA 

0.01 

0.00 

0.00 
NA 

0.03 
0.37 
0.01 
0.00 
NA 
NA 

0.04 
1.14 
0.00 
NA 

0.011 
NA 

0.m 
0.51 
NA 
NA 

0.22 
NA 
NA 
NA 

0.1 1 
NA 

0.01 

Y 



Toble 4.5- 16. Preliminary Hazard Quotients Based on Fedeml Ambient Water Quality StMdhrds 

HQ Based on €PA Acute AWQC i-fQ 
Up Gradient On Site Down Gradient Up Gradient On Site Down Gradient 

Analyte Mean Max Mean Max Mean Max Mean Max Mean MaX Mean Max 

As 
AI 
As 
Ba 
IBe 
Ca 
Cd 
c o  
Cr 
c u  
Fe 

Mn 
Na 
Mo 
INi 
NO3 
IPb 
SO4 
Sb 
Se 
n 
U 
v 
Zn 
K.40 

Ra-226 
Ra-228 
Th-230 
Th-232 
u-234 
U-238 

Hg 

1ND 
0.58 
0.01 
NA 
ND 
NA 
ND 
NA 

0 00 
0.56 
NA 
ND 
NA 
NA 
NA 

0.00 
NA 

0.02 
NA 

0.01 
0.11 
ND 

0.00 
INA 

0.10 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NO 
1 93 
0 03 
NA 
ND 
NA 
ND 
NA 

0 00 
0 56 
NA 
ND 
NA 
NA 
NA 

0 01 
NA 

0.30 
NA 

0.02 
0.49 
NO 

0.01 
NA 

0.28 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
0.59 
0.39 
NA 
ND 
NA 
ND 
ND 
ND 

0 36 
NA 

0 08 
NA 
NA 
NA 

0.00 
NA 

0.01 
NA 

0.01 
1.90 
ND 

0.07 
NA 

0.10 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
1.81 
3.47 
NA 
NO 
NA 
NO 
ND 
ND 

3.62 
NA 

0.08 
NA 
NA 
NA 

0.01 
NA 

0.06 
NA 

0.03 
27.00 

ND 
0.36 
NA 

0.32 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
1.34 
0.01 
NA 
ND 
NA 
ND 
ND 

0.00 
0.14 
NA 
ND 
NA 
NA 
NA 

0.00 
NA 

0.03 
NA 

0.01 
0.12 
ND 

0.01 
NA 

0.21 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
4.73 
0.04 
NA 
ND 
NA 
ND 
ND 

0.02 
0.59 
NA 
ND 
NA 
NA 
NA 

0.01 
NA 

0.08 
NA 

0.02 
0.98 
ND 

0.06 
NA 

0.72 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
4.98 
0.02 
NA 
ND 
NA 
ND 
NA 

0.02 
0.84 
No 
ND 
NA 
NA 
NA 

0.03 
NA 

0.59 
NA 

0.03 
0.44 
ND 

0.00 
NA 

0.11 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
16.67 
0.06 
NA 
ND 
NA 
ND 
1NA 

0.02 
0.84 
YeS 
ND 
NA 
NA 
NA 

0.08 
NA 

7.66 
INA 

0.07 
1.94 
ND 

0.01 
1NA 

0.31 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
5.09 
0.73 
NA 
ND 
NA 
ND 
ND 
ND 

0.53 
No 

16.67 
NA 

. NA 
NA 

0.03 
NA 

0.38 
NA 

0.03 
7.60 
ND 

0.07 
NA 

0.11 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
15-63 
6.58 
NA 
ND 
NA 
ND 
ND 
ND 

5.43 
YeS 

16.67 
NA 
NA 
NA 

0.07 
NA 

1.59 
NA 

0.07 
108.00 

ND 
0.36 
NA 

0.35 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

IND 
11.57 
0.01 
NA 

* ND 
NA 
ND 
ND 

0.02 
0.21 
YeS 
ND 
NA 
NA 
NA 

0.04 
NA 

0.66 
NA 

0.02 
0.46 
ND 

0.01 
NA 

0.22 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
40.80 
0.08 
NA 
ND 
NA 
ND 
ND 

0.13 
0.89 
YeS 
ND 
NA 
NA 
NA 

0.07 
NA 

2.03 
NA 

0.06 
3.92 
ND 

0.06 
NA 

0.79 
NA 

NA 
NA 
NA 
NA 
NA 
NA 



a 
Table 4.5-1 7. Preliminary Hazard Quotients Based on Utah State Water Quality Standards 

. . . . . . . . . . . . . . 
HQ Based on Utati State Acute C 

Down Gradient 
Anatyte Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max 

On site Up Gradient On Site Down Gradient Up Gradient 

As 
AI 
As 
Ba 
Be 
Ca 
Cd 
c o  
Cr 
cu 
Fe 
Hg 
Mn 
Mo 
Na 
Ni 
NO3 
so 
Sb 
Se 
Sn 

U 
v 
zn 
K40 

Ra-226 
Ra-228 
Th-230 
Th-232 
u-234 
U-238 

n 

ND 
0.58 
0.01 
NA 
NA 
NA 
ND 
NA 

0.00 
0.56 
0.72 
ND 
NA 
NA 
NA 

0.00 
NA 
NA 
NA 

0.1 1 
NA 
ND 
NA 
NA 

0.1 0 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
1.93 
0.03 
NA 
NA 
NA 
ND 
NA 

0.00 
0.56 
1.67 
ND 
NA 
NA 
NA 

0.01 
NA 
NA 
NA 

0.49 
NA 
ND 
NA 
NA 

0.28 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
0.59 
0.39 
NA 
NA 
NA 
ND 
NA 
ND 

0.36 
0.48 
0.08 
NA 
NA 
NA 

0.00 
NA 
NA 
NA 

1.90 
NA 
ND 
NA 
NA 

0.10 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
1.81 
3.47 
NA 
NA 
NA 
ND 
NA 
ND 

3.62 
1.40 
0.08 
NA 
NA 
NA 

0.01 
NA 
NA 
NA 

27.00 
NA 
ND 
NA 
NA 

0.32 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
1.34 
0.01 
NA 
NA 
NA 
ND 
NA 

0.00 
0.14 
1 .oo 
ND 
NA 
NA 
NA 

0.00 
NA 
NA 
NA 

0.12 
NA 
ND 
NA 
NA 

021 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
4.73 
0.04 
NA 
NA 
NA 
ND 
NA 

0.02 
0.59 
4.45 
ND 
NA 
NA 
NA 

0.01 
NA 
NA 
NA 

0.98 
NA 
ND 
NA 
NA 

0.72 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
4.98 
0.02 
NA 
NA 
NA 
ND 
NA 

0.02 
0.84 
0.72 
ND 
NA 
NA 
NA 

0.03 
NA 
NA 
NA 

0.44 
NA 
ND 
NA 
NA 

0.1 1 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
16.67 
0.06 
NA 
NA 
NA 
ND 
NA 

0.02 
0.84 
1.67 
ND 
NA 
NA 
NA 

0.08 
NA 
NA 
NA 

1.94 
NA 
ND 
NA 
NA 

0.31 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
5.09 
0.73 
NA 
NA 
NA 
ND 
NA 
ND 

0.53 
0.48 
16.67 

NA 
NA 
NA 

0.03 
NA 
NA 
NA 

7.60 
NA 
ND 
NA 
NA 

0.1 1 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
15.63 
6.58 
NA 
NA 
NA 
ND 
NA 
ND 

5.43 
1.40 
16.67 
NA 
NA 
NA 

0.07 
NA 
NA 
NA 

108.00 
NA 
ND 
NA 
NA 

0.35 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
11.57 
0.01 
NA 
NA 
NA 
NO 
NA 

0.02 
0.21 
1 .oo 
NO 
NA 
NA 
NA 

0.04 
NA 
NA 
NA 

0.46 
NA 
ND 
NA 
NA 

022 
NA 

NA 
NA. 
NA 
NA 
NA 
NA 

ND 
40.80 
0.08 
NA 
NA 
NA 
ND 
NA 

0.13 
0.89 
4.45 
NO 
NA 
NA 
NA 

0.07 
NA 
NA 
NA 

322 
NA 
ND 
NA 
NA 

0.79 
NA 

NA 
NA 
NA 
NA 
NA 
NA 



The preliminary hazard quotient for selenium exceeded 1.0. 

Small Herbwore 
Incomplete toxicological or analytical data were availabk fbr al- cobalt, chromium, 
molybdenum, nitrate, sulfirte, antimony, tin, vanadium, and radionuclides. 

Silver, beryllium, cadmium, and thallium were not detected in any surhce-water samples. 
Pre- hazard quotients were calculated for arsenic, bahm, copper, iron, mercury, 
manganese, nickel, lead, selemium, uranium, and Zinc. 

No preliminary hazard quotient exceeded 1.0. 

Small Omnivore 
Incomplete toxicological or analytical data were available for aluminum, cobalt, chromiq 
molybdenum, nitrate, sulfate, antimony, tin, vanadiu~~~, and radionuclides. 

Silver, beryllium, cadmium, and thallium were not detected in my surfixe water samples. 

Preliminary hazard quotients were calculated for arsenic, barium, copper, iron, mercury, 
manganese, nickel, lead, selenium, uranium, and zinc. 

The preliminary hazard quotients for selenium exceeded 1.0. 

Large Herbivore 
Incomplete toxicological or analytical data were available for aluminum, cobalt, chromium, 
molybdenum, nitrate, sulfate, antimony, tin, vanadium, and radionuclides. 

Silver, beryllium, cadmium, and thallium were not detected in any surfkce water samples. 

Preliminary hazard quotients were calculated for arsenic, barium, copper, iron, mercwy, 
manganese, nickel, lead, selenium, uranium, and zinc. 

No preliminary hazard quotient exceeded 1.0. 

Soil Ingestion 

Passerine 
Incomplete toxicological or analytical data were available for silver, aluminum, lberyllium, 
cobalt, chromium, iron, manganese, molybdenum, nitrate, nickeI, antimony, tin, vanadium, and 
radionuclides. 

Preliminary hazard quotients were calculated for arsenic, barium, cadmium, copper, mercury, 
lead, selenium, thallium, uranium, and zinc. 

The prehinaq  hazard quotient for zinc exceeded 1.0. 
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b p t o r  
Incomplete toxicological or anabrtjral data were available fbr silver, ahmhuq bery~liurrs 
cobalt, chromium, irols manganese, molybdenum, nim rrickel, antimony, tin, vanadium, and 
radionuclides. 

h e b h a r y  hazard quotients were calculated fof arsenic, barium, cadmium, copper, merauy, 
lead, selenium,thallium,uranium, andzinc. 

The preliminary hazard quotient for zinc exceeded 1.0. 

Small Herbivore 
Incomplete toxicological or analytical data were available for silver, alumhm, beryllium, 
cobalt, chromium, iron, manganese, molybdenum, &ate, nickel, mthony, tin, vanadium, and 
radionuclides. 

Preliminary hazard quotients were calculated for silver, arsenic, barium, berynium, c d m h ,  
copper, iron, mercury, manganese, nickel, lead, selenium, uranium, and zinc. 

No preliminary hazard quotient exceeded 1.0. 

S d  Omnivore 
Incomplete toxicological or analytical data were available for silver, d h q  beryllium, 
cobalt, chromium, iron, manganese, molybdenum, nitrate, nickel, antimony, tin, vanadium, and 
radionuclides. 

Preliminary hazard quotients were calculated for silver, arsenic, barium, beryllium, cadmium, 
copper, iron, mercury, manganese, nickel, lead, selenium, uranium, and zinc. 

The preliminary hazard quotient for iron exceeded 1.0. 

Large Herbivore 
Incomplete data were available for silver, aluminum, beryllium, cobalt, chromium, iron, 
manganese, molybdenum, nitrate, nickel, antimony, tin, vanadium, and radionuclides. 

Preliminary hazard quotients were calculated for silver, arsenic, barium, beryllium, cadmium, 
copper, iron, mercury, manganese, nickel, lead, selenium, uranium, and zinc. 

No preliminary hazard quotient exceeded 1.0. 

FederaR Ambient Water Qudity Criteria 

Acute Standard 
Incomplete data were available for barium, cobalt, iron, manganese, nitrate, molybdenum, tin, 
sulfate, vanadium, and radionuclides. 
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Preliminary hazard qUotid~ were Calculated for silver, duminum, arsenic, beryllium, 
cadmium, chromium, copper, mer-, nickel, lead, antimony, setenium, thallium, uranbn, 
and zinc. 

Hazard prebinaty quotients for aluminum, arsenic, copper, and selenium exceded 1.0. 

Chronic Standard 
Incomplete data we& available for barium, cobalt, manganese, nitrate, molybdemun, tin, 
d a t e ,  vanadium, and radionucIides- 

Preliminary hamd quotients were calculated for silver, aluminum, arsenic, beryllium, 

zinc. 
cadmium, chromiq copper, iron, mercury, NcAceL lead, selenium, thallium, uranium, and 

Hazard' preliminary quotients for arsenic, aluminum, copper, iroq lead, and selenium 
exceeded 1.0. 

Utah State Water Quality Standards 

Acute Standard 
Incomplete data were available for barium, beryllium, cobalt, manganese, molybdenum, 
nitrate, sulfate, antimony, tin, uranium, vanadium, and radionuclides. 

Preliminary hazard quotients were calculated for silver, aluminum, arsenic, chromium, copper, 
iron, nickel, lead, selenium, zinc. 

Hazard preliminary quotients for aluminum, arsenic, copper, iron, and selenium exceeded 8.0. 

Chronic Standard 
Incomplete data were available for barium, beryllium, cobalt, manganese, molybdenum, 
nitrate, sulfate, antimony, tin, uranium, vanadium, and radionuclides. 

Preliminary hazard quotients were calculated for silver, aluminum, arsenic, chromium, copper, 
iron, nickel, lead, selenium, zinc. 

Hazard preliminary quotients for aluminum, arsenic, copper, iron, mercury, lead, and selenium 
exceeded 1.0. 

On the basis of the preliminary calculations, few contaminants pose risk to terrestrial receptors. 
Preliminary hazard quotients for selenium in surface water and for zinc and iron in soils 
exceeded 1.0. It is uncertain whether radionuclides and metals for which insufficient data were 
available pose risk to terrestrial receptors. AdditionalJy, because detection limits for mercuy and 
silver exceeded water quality criteria, it is uncertain whether these amtamhnts pose risk to 
terrestrial organisms. 
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mercury, and lead concentrations in Montezuma Creek. pt is uacertrun - whetherradionuclidesd 
metals for which imdicient data were available pose risk to aquatic receptors. 

The results of the preliminary calculations indicate that risk to organisms in OU IlI probably is 
relatively low. While risk may have been underehnated because toxicity benchmark values were 
not available for all the preliminary COPCs, many of the methods used in this screening eEort 
were coIIseTv8tive. For example, area use Mors, bioadability of COPCs, and metabolism 
and/or elimination of CQPCs by receptors were not Considered in the screening calculations. 

4.53 ProbUem Formulation 

Problem formulation involves re-evaluating and finahing the preliminary conceptual site mod4 
assessment and measurement endpoints, and COPCs, as well as stating testable hypotheses for the 
ecological risk assessment. 

Two exposure pathways that were presented in the preliminary conceptual Site model 
(Figure 4.5-3) were eliminated fiom the conceptual site model for OU III. Inhalation of CQPCs 
in air was eliminated because millsite-related con taminants have not been detected by previous air 
sampling efforts (see Section 3.4, Air Investigations). Ingestion of con 
was eliminated because hydrogeological reconnaissance efEorts (see Sm=l) that were 
conducted to support the ground-water model did not r d  ground-water seeps within the 
OU ID study area of suf€icient continuous flow to form complete exposure pathways for QU IIH 
ecological receptors. If seeps of sufficient flow are found during field investigations, the seeps 
will be sampled and added to the conceptual site model. The revised conceptual site modd is 
presented in Figure 4.5-4. 

ground water 

4.5.3.2 Assessment and Measurement Endpoints 

On the basis of discussions with EPAs Ecological Technical Assistance Group @TAG), 
protection of the golden eagle was eliminated as an assessment endpoint. phis endpoint was 
replaced with protection of the deer mouse. This change was made because the deer mouse has a 
small home range andl therefore is much more likely than the golden eagle to be exposed to 
contaminants within OU III. Measurement endpoints for the deer mouse include measuring 
COPC concentrations in surface water, soil, perennial grasses, forbs, and terrestrial invertebrates. 

Under the assessment endpoint, "Protection of southwestern willow flycatcher and spotted bat 
populations fiom deleterious effects associated with elevated conantrations of metals and 
radionuclides," the measurement endpoint that specifies that cliff swallow liverlkidney samples 
will be analyzed will be changed to speclfy that cliff swallow liver samples and wholebody 
samples will be analyzed. This endpoint was changed because analytical laboratories require 
relatively large sample mass (approximately 200 grams) for radionuclide analysis of biota sampleq 

DOE-GJPO Remedial Investigetion Septem&r 1995 
RllFS Work Plan DRAFT FINAL P e  4 5 1  



collection of the large numbers of MswaIlows required to obtain d e d  sample is not 
appropriate considering the limited d e r  of cliff swallow nests ahrat have been observed during 
preliminsry site reconnaissance. 

Table 4.5-18 presentsthe revised list of assessment and endpohts. 

Table 4.5-18. Assessmeni Md Meom+ement Emf@in!sfir QU 111, 

protecticm of pen3gxim falcon 
popllations from deleterious 
effects associated with elevated 
concenhrrtions of mezals 
and radionuclides. 

Protection of dear mouse 
popllatlons from deleterious 
effects associated with elevated 
concentrations of metals 
and radionuclides. 

protection of muskrat popuhons 
'from deleterious &e& associated 
'with elevatad co~centt~tions of 
metals d radionuclides. 

protection of aquatic prey s p e c k  
populations from deleterious 
effects associated with elevated 
c o d o n s  of metals 
and radionuclides. 

Protection of Montenrma Creek 
fish popuhons and San Juan ' River endangered fish popllations 

1 framdelezerious ef€ects associated 
witb elevated c o d o n s  of 
metals and radionuclides. 

5 

"Ingestion of ground water frmn meps will be inchded 88 anexposurepanrmeter if- of dicieatvohumto 
allow wildlife to drink am found along Monteqma Creek. 
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Thepreliminary C O X  list (Table 4.5-2) was ampiled from analyte liss from Various 
previous investigations and from analytes on Priority pollutant lists fw which site data do not 
exist. Frequency of detection and si&-rela&dness were not always Coplsidered when previouS 
analp lists were compiled. To maximize the usability of data collected for the OU III risk 
assessments, a COPC screening was conducted. This Screening involved ComparisOIls of 
chemical concentrations to a site contamination model, to regbnal background data, and to 
human health and ecological toxicity benchmark values. Appendix E contains a detailprl 
explanation of the screening methods and results. Ecological CQPCs are y t e d  in Table 
4.5-19. 

add of I 

MC.!hlS 

Aluminum 
Arsenic 
Cobalt 

Molybdenum 
Nitrate 
Selenium 
Sodium 
Sulfate 
Tin 
Vanadium 
Zinc 

capper 

tentid Concern 

Radiomcnides 

Gross Alpha 
Gross Beta 
Gross Gamma 
Lead-210 
Radium-226 
Thorium-230 
Uranium-234 
Uranium-235 
Uranium-238 

Specific radioisotope concentrations in abiotic media will be related to the gross radioactivity 
levels in biotic media by estimating the gross radioactivity of each of the specific 
radioisotopes. 

4.5.3.4 Testable Hypotheses 

On the basis of the results of the preliminary site calculations, the following hypotheses were 
formulated: 

1. Metal concentrations in tissues of focused study area receptors (Le., plants, cliff swauoWs, 
terrestrial invertebrates, or benthic macroinvertebrates) are similar to metal concentfations 
in tissues of background terrestrial receptors. 
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Step %Identify Inputs to atae Decision. Inputs to the decisions (shown on Tables 4.5-20 
through 4.5-29) include existing and new sample analytical data, toxicological information, results 
of field ecological surveys, and modeled dietary intakes for biota. Analytical detection limits for 
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2. Gross radioactivity levels in tissues of focused study area reoepfors m similar to gross 
radioactivity levels in tissues of background temstrd - a n d a q l a t i C ~  

Section 4.5.4.1, Data Quality Objectives, presmts the spdk questionS that will be asked to 
test these hypotheses. Section 4.5.4.2, Field Program, ppesents the sampling and survey 
methods that will be used to answer these p d i c  questions. 

4.5.4 Study wi 

The ecological risk assessment study was designed to address the overall objectives of the RI 
as stated in Section 1.1. The following section discusses (1) the DQO process as it applies to 
the ecologi&l risk assessment (Section 4.5.4. l), (2) the field sampling and ecological survey 
program (Section 4.5.4.2), and (3) the analytical methodology and detection limits for abbtic 
and biotic samples (Section 4.5.4.3). 

4.5.4-1 Dah Quality Objectives 

The general steps of the DQO prucess described in Section 4.1 were implemented to identify 
specifii data needs for the ecological risk assessment. Relevant steps of the DQca process as it 
applies to the ecological risk assessment are discussed in this work plan as follows: 

Step I-State the Problem. The ETAG committee members involved in the DQO Scoping for 
the OU III RI ecological risk assessment included EPA, Utah Division of Wildlife Resourcxs, 
Utah Department of Environmental Quality, and DOE. 

Problem formulation for the OU III ecological risk assessment is the result of meetings and 
consensus between ETAG committee members. Sections 4.5.1.3 and 4.5.3 provide 
discussions of the rationale used in problem formulation. 

The assessment endpoints identified in Section 4.5.3.2 are the basis for establishing data 
needs. A separate assessment endpoint is identified for each abiotic and biotic medium of 
concern for the ecological risk assessment, as shown in Figures 4.5-5 through 4.5-14, and 
Tables 4.5-20 through 4.5-29. For each assessment endpoint, specific objectives 
are identified. 

Step >Identify the Decision. Decisions to be made on the basis of the data obtained are 
depicted as questions fiamed in diamonds in the decision flow diagrams (Figures 4.5-5 through 
4.5-14). The same questions appear under the "Decision" heading in Tables 4.5-20 through 
4.5-29. One or more decisions may be identified for each objective, and, in some cases, decisions 
represent the measurement endpoints identified in Section 4.5.3.2. The relationship between the 
decisions also is illustrated on the decision flow diagram. 



existing and new data are included under inputs because they must be considered when 
determining the adequacy of these data for decision making. sourceS of data inputs as well as 
sampling and analytical techniques used for existing samples and propod samples also are 
referenced in Tables 4.5-20 through 4.5-29. 

Data action levels are the h p ~  criteria upon which decisions are based. Data action levels 
refmed to in Tables 4.5-20 through 4.5-29 include (1) regulatory thresholds or standards 
(e.g., AWQC), (2) quantitative expressions of concentration goals (e.g., toxicity benchmark 
action levels), (3) background chemical concentfation thresholds, and (4) dkrence area 
ecological survey results. 

Step &Define the Study Boundaries. The spatial and temporal boundaries of inveStigatme 
activities for the ecological risk assessment are identified in the final column of Tables 4.5-20 
through 4.5-29. Figures illustrating existing or proposed sample locations (spatial boundaries) are 
referred to in these tables. 

Optimal sampling times for biota (temporal boundaries) are identified in cases where sampling 
must occur during a specified time during the field season. 

Step S D e ~ e l o p  a Decision Rude. This step integrates the dean and data inputs resulting in 
statements of alternative actions. Alternative actions for each decision are shown on 
Figures 4.5-5 through 4.5-14. 

Step bSpeciQ Limits QU Decision Errors. The purpose of this step is to help ensure that the 
quality of data is appropriate to make confident decisions. Coddence in decision making related 
to sample size is discussed in Section 4.5.4.2. Goals of 80 percent coddence and 90 percent 
power have lbeen established for QU III. The numbers of samples required to meet these goals 
are presented in Table 4.5-30. Proposed numbers of samples of each medium that will be 
collected to address the assessment and measurement endpoints presented in Tables 4.5-3 1 and 
4.5-32. 

Step 7-Optirnize the Design for Obtaining Data. The optimized design for the OU 111 
ecological risk assessment investigation presented in this Work Plan was optimized through 
discussions of the alternatives with the ETAG. 
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Assessment Endpoint Protection of aquatic prey sped- populations from potential deleterious effects 
associated with elevated concentrations of metals and radionuclides. 

Assessment Endpoint Protection of Montezuma Creek fish populations and San Juan River endangered 
fish populations from the potential deleterious effects associated with elevated concentrations of metals 
and radionuclides. 

Assessment Endpoint Protection of muskrat populations from potential deleterious effects associated 
with elevated concentrations of metals and radionuclides. 

Assessment Endpoint Protedion of terrestrial receptors (mule deer, southwestern wlllow flycatcher, 
spotted bat, peregrine falcon, and deer mouse from potential deleterious affects associated with elevated 
concentrations of metals and radionuclides In the surface-water. 
O b j e c t i v a 1 : A s s a s s w h e t h e r c h a m k a l ~  aresiterasted. 

ObjectiVa2 Assesswhatherchemfcalcmcm!mh . win stnfacewatetaretDJdttoaquaik edogkal receptors. 

YiS 
W 

Figure 4.5-5. Surjiie- Waer Investigation Decision Diagram 
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Assessment Endpoint: Protection of Montezuma Creek fish populations and San Juan Rhrer endangered 
fish populations from potential deleterious effects associated with elevated concentrations of metals and 
radionuclides. 

Assessment Endpoint Protection of aquatic prey species populations from the potential deleterious 
effects associated with elevated concentrations of metals and radionuclides. 

Assessment Endpoint: Protection of muskrat populations from potential deleterious effects associated 
with elevated concentrations of metals and radionuclides. 

objective1:Awresswhetherchemicalcancen$atwns * aresite-mw 

Objective2 A w r e s s w h e t h s r t h e m i c a l ~  * i n s d i m e n t a r e ~ t o a q r r a t i e ~ .  

YeS I 
r 

1 

Figure 4.5-6. Sediment Investigarion Decision Diagram 
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Assessment Endpoint: Protection ob mule deer end deet mouse populations from the potential 
deleterious effects associated with elevated concentrations of met;pOs and radionuclides in soil. 

Objective 1: Assess Whether chemical concentrations in soil are siterelated. 

Objective 2 Assess whether chemical concentrations in soil are toxic to terestrial ecological receptors 
(mule deer and deer mouse). 

YeS 
1 . 

Figure 4.5- 7. Soil Investigation Decision Diagram 
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Assessment Endpoint: Protection of mule deer, deer mouse. and muskrat populadioru from the potendal 
deleterious effects assodated wfth coneemrations of elevated metals and radionudides. 

Objective 1 : Assess whether cbmical concenttations in cdocated Bdl ssmples are sitbrdeted. 

Objective 2 Aseese whether chemical concentrations in penenid grassas are sitareid. 

Objective 3: Assess whether d e l e d  dietsry doses exced toxicity benchmark dues.  

. 

1 I 1 I 

Figure 4.5-8. Terrestrial Biota Investigation - Prennial Grasses Decision Diagram 
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Assessment Endpdnt: Protecclon of muls deer and deer mouse popul8tionr from the potential deleterious 
effects assodated with elevated concentraiQns of metab and radionuclides. 

Objective 1 : Assess whether chemical concentrations m d o c e t e d  soil samples am sitarelated. 

Objective 2: Assess whether chemical concantrations in forbs are sitarelated. 

Objective 3: Aasese whether modeled dietary doses exueed toxicity benchmark values. 

Yes 

I 1 i 
No cvtkr Md S t d m  111 

a Figure 4.5-9. Terresrrial Biota Investigation - Forbs Decision Diagram 
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Assessment Endpohrt: Protection of mule deer and muskrat populatIont from the potendal deleterlaus effects 
assodwed with elevated concentrations of metals and radlonudides. 

Objective 1 : Assess whether chemicdl concentretiom in cdloceted soil BBmpJes are site-mlat&. 
\ 

Objective 2 Assess whether chmicd concentretiom in shrubs we site-relsted. 

Objective 3: Assess whether modeled dietary doses exceed toxicity bnchmerk values. 

Figure 4.5- IO. Terrestrial Biota Investigarion - Shrubs Decision Diagram 
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RI/FS Work Plan DRAFf FINAL PaQe 461 



Assessment Endpoint Protection of deer mouse populadont from the potential deletedous affects suodated 
with elevated concentradoru of metals and radionudidas. 

Objective 1: Assess whether chemical concentrations in collocated d l  aemples are sitareleted. 

Objective 2 Assess whether chemicd concentretions in t e r r d e l  mvertebrateu are sitarelated. 

Objective 3: Assess whether modeled dietary doses exceed t6xicity benchmsrk values. 

Yes 

F 1 I i 

0 Figwe 4.5- I I .  Terrestrial Biota Investigation - Terrestrial Invertebrates Decision Diagram 
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Assessment Endpaint: Protection of southwestem wmow flycatcher and spotted bat populations from the 
potential deleterious effects associated with elevated concemrstiw of metals and radionuclides. 
Objective 1 : Assess whether chemical concentrations in cliff swallow nesting tissues fliwr) samples ere sitarelated. 

Objective 2: Assess whether chemical concentrations in cliff swallow nesting tissue ere indicative of impaired survivability 
or reproductive success of the southwestern willow flycatcher (a Category 1 species for federel listing as throated or 
endangered) or the spotted bat (a Category 2 species for the federel listing as threatened or endengered). 

Figure 4.5-1 2. Terrestrial Biota Investigation - CliflSwallow as Surrogate for Southwestern 
Wllow Flycatcher and Spotted Bat Decision Diagram 

DOE-GJPO Remedial Investiwtion September 1935 
RlFS Work 'Plan DRAFT flNAL P a p  4-83 



Assessment Endpoint: Protection of peregr€ne falcon popUraronr from the potential deleterious affects 
assodated with elevated concentrations of met& and radionuclides. 

Objective 1: Assess whether chemical concentrations in cliff swellow nestlings lwhole body) am ate-related. 

Objective 2: Asaess whether chemical doses to peregrine fdcone exceeds toxicity benchmerk vdues.. 

& Yes I 

I' 

Figure 4.5-13. Terrestrial Biota Investigarion - Clif Swallow as Dietary h a k e  for Peregrine 
Falcon Decision Diagram 
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Assessment Endpoint: Rotedon of aquatic prey specks papulationr from the potentid deleteriaus effectt 
assodated with elevated concmtratiw of metah end' radionuclides. 

Objective 1: h e s e  whether chsrnicd concentrations in collocated d i n t  samples am d t d a t d .  

Objective 2 Assess whether chemical concentrations in benthic mecroinvenebrates are dtardnted. 

Objective 3: Asseee whether chemical concentrations in sediment, surface water, or dsswes exceeds toxicity benchmerlr 
values. 

L 1 

? 

Figure 4.5-1 4. Aquan'c Biota Investigation - Benthic Macroinvertebrates Decision Diagram e 
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RlFS Work IRan DRAFT RMAL 4-85 



Table 4.5-30. Smnple Size Bawd on cb@dmcX of 80 P e m  
and P m r  OfeO Percent 

The DQO process specified lby EPA @PA 1993b) is applied to the data requirements of the 
ecological risk assessment. The assessment endpoints, which determine the data needs of the 
risk assessment, are presented for each investigative medium. The measurement endpoints, 
which are quantifiable variables that address the assessment endpoints, are presented as 
decisions for which quantitative decision-making criteria (action levels) are available. 

Because it is not certain that goals of statistical power and confidence wi l l  be met, answering 
the questions shown in Figures 4.5-5 through 4.5-14 and Tables 4.5-20 through 4-5-29 may 
not always be possible. As indicated in Figures 4.5-5 through 4.5-14, this does not trigger 
further field investigations. Rather, the data will be used qualitatively as part of a weight of 
evidence to support the decision process. 

4.5.4.2 Field Program 

The field program for the ecological risk assessment includes sampling of abiotic and biotic 
media, and conducting ecological surveys. This section discusses the general approach for 
sampling and survey activities; specific sampling methods for each abiotic and biotic medium 
and ecological survey methods are discussed in the Field Sampling Plan. Deviations from this 
sampling approach will be documented in field notes. 

A judgmental or purposeful sampling design was propsed by DOE to obtain data for the 
ecological risk assessment. Judgmental sampling specifies sampling locations on the basis of 
existing site knowledge. This is appropriate when a risk assessment is @armed using few 
samples (EPA 1992b). 
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Table 4-5-31. Summary of Investigative Samples Collected for Chemical Analysis by Medium and Location” 

Quality control sampler QKC l i d  in Table A-5 of the OW IIl RVFS Quality Asnurcmce Project Plan 



Judgmental sampling was considered the better design fm the purposes of the risk assessmeat 
because if risks caused by source-related materials are evident, they will OCCUT in areas with 
highest contaminant levels. Because effects must be quite strong to detect them when few 
samples are collected, it is best to collect data from the most heavily amtamhted areas. The 
assumption behind this logic is that if no effects related to the source materials occur in the 
highly contaminated study areas, effects related to the source materials in other areas are 
unlikely. 

Table 4.5-33 presents sample sizes required to meet the goals of 8O-percent confidence and 90- 
percent power given different levels of minimum detectable relative difference (MDRD) and 
coefficient of variation (CV; the sample standard deviation divided by the sample mean). It is 
apparent that to maintain the stated goals of confidence and pwer ,  MDRD must be allowed to 
increase as the CV increases. Another way to view MDRD is that, when divided by the CV, 
it is equivalent to a pre-specified relative margin of error as described in Gilbert (Gilbert 
1987). If the samples have large CVs, then either a grater margin of emx must be 
acceptable, or the sample size must increase. 
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I ' COPCS a 111 bold-face type. 
Uranium isotopes will be measured ratber than total uraniuu Uranium is appmximately mmposed of99.3 

percent Uranium-238. 
' Method 6020 has been modified by the GPO Analytical Laboratory foe r a d h d d e  --ws- 
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Smpk couection 1 
-i 

Abiotic and biotic media will be sampled along nine sampling transects in the Montefluna 
Creek valley down- of the OU PYOU IIP boundgty ( F i i  43-15 through 
Figure 4.5-22). These transects generally comespad to areas of high gamma activity on one 
side of the creek and low gamma on the other side of the creek (Bendix 1984, and 
DOE 1994). In addition to the nine Montezuma creelr transects, samples will be colleded 
along four reference area transects, three in Verdure Creek canyon and me in Vega Ceek 
canyon (Figure 4.5-1). 

Each sampling transect has been established in the field by placing a survey stake at each end. 
Transects span the entire width of narrow sectiolls of the canyon, or are sufEckntly long to 
incorporate all major nonuupland vegetation types in broed Sectioras of the canyon. 

Grasses, forbs, shrubs, terrestrial invertebrates, benthic invertebrates, sod, sediment, and 
surface water will be sampled dong the nine Manteama Creek transects and the three 
Verdure Creek transects. Additional sediment and benthic invertebrate samples will be 
collected from two ponds on Montefllma creek. Sediment, surface water, and benthic 
macroinvertebrates will be sampled along the Vega Creek transect. cliff swallow samples 
have been collected from one Montezuma Creek transect and the Vega Creek transect. 

On the basis of benthic invertebrate and vegetation analytical results, muskrats and deer may 
be sampled. 

The numbers of samples for chemical analysis by medium and location are provided in 
Table 4.5-34. Table 4.5-35 provides information on additional data (e.g., edo@cal survey 
data and histopathological data) to be collected. 

Table 4.5-34. S u f i e  Water A d y t i c d  Parameters, Metho& 
of Analysis, and Method Detection Limits 

1 
r 1  
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UxmimI-235 

Uranium-238 

Other 

calcium 

Magmsium 

Nitrate 

Sulfate 
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I 

EPA SW-846 6020' 1 .o 
EPA SW-846 6020' 1 .o I 

I I 

CLP Method 200.7 0.10 I 

mR& 

0.10 I CLP Method 200.7 
1 
EPA Method 300 0.2 

EPA Method 3 0  0.2 
I 



'AB biota analytical parameters are chemicals of potantial ccmcem. 

Ecological Surveys 

Mule deer, muskrats, and deer mice are known to inhabit Montezuma Creek canyon. 
Population surveys will be conducted in Montezuma Creek canyon to document the presence 
or  absence of the remaining receptors - southwestern willow flycatcher, spotted bat, peregrine 
falcon, and fish. 

4.5.4.3 Analytican Program 

Biota, soil, sediment, and surface water samples will be colleoted to support the ecological risk 
assessment (ERA). Biota will be analyzed for metals and gross alpha, beta, and gamma 
radioactivity. Soil, sediment, and surface water samples will be analyzed for metals and 
radionuclides. On the basis of calculations performed and conclusions drawn in the 
preliminary ERA (Section 4.5.4), a list of COPCs has been formulated and is presented in 
Tables 4.5-33, 4.5-34, and 4.5-35. Also contained in these tables are the method detection 
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limits (MDLs) which, on the basis of the emtoxicity b c W S  for acological risk 
C- 'on, must be attained so that the analytical Qea are a d a p e  for ecological risk 
assessment use. 

Media 

Sediment 
and soil 

I '  

SUrface 
Water 

All abiotic media wil l  be analyzed for metals and r a d i o n a .  In addition, other 
measurements of physical or chemical parameters of soil and sediment, such as grain size, 
moisture content, pH, organic carbon conteat, and naturally <pccurring radimuclides analysis 
(radionuclides that are not part of the uranium decay series and mt a component of uranium 
ore), are needed to support risk assessment. Additional surface watea param- include 
sulfate and nitrate concentrations and, to calculate water hardness, calcium and magnesium 
concentrations. 

Samples of soil, sediment, and surface water will be submitted tQ the GTPO Analytical 
Laboratory for analysis. The CLpl methodologies will be the primary methodologies used for 
metals analyses in sediment, soil, and surface water media When TBVs require MDLs below 
what can be achieved by CLP-US, then othex EPA methods (Le., SW-846) will be 
substituted. Data deliverables will be similar to UP-RAS. 

Radionuclide analyses of samples yllected in sediment, soil, and surface water will be by the 
GJPO Analytical Laboratory's standard methods and procedures. The analytical technique, 
used to measure each of the radionuclide activities is presented in Table 45-36. 

Table 4.5-36. Amdyhcd Techniques for Radionuclidesjbr Sediment, soil, Md Su@hce Water 

, 
Leed-210 Potessium-40 

Radium-226 
Thorium-232 

Lead-210 Radoo-222 Gn#reAlpiM 
GroSsBeta 

I 

RediUm-226 

surrogate species, the cliff swallow. The exposure of fish in Montemma Creek will be estimated 
by measuring surface water and sediment concentrations. The exposure of aquatic prey species 
will be estimated by measuring benthic macroinvertebrate, surface water, and Sediment 
concentrations. 

Biota mnples collected during the R1: to support the ERA will be submitted to a subcontracted 
laboratory for analysis. Grasses, forbs, shrubs, terrestrial invertebrates, benthic invertebrates, 
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and cliff swaIlows be analyzed for metals and gross radioactivity. 

EPA CLP Special Analytical SeaviceS, or combinations t h d .  Data deliverables will exhibit 
a b e l  of detail similar to that of EPA's CLP-Routine Analytical services ( U S )  &verables, 

Analytical methodologies 
may include those of the Asscmab - -011 of official Adm Ck&& (AOAC), EPA SW-846, 

In addition to the data obtained from the chemical analysis of samples, samples of cliff 
swallow liver and kidney will be obtained and submitted to a trained and experienced 
veterinary pathologist. Samples will be preserved h a IQ-pexcent foamalin solution. The 
nature of histopathological data precludes spedj4ng an analytical method or detection limit. 

Acceptance criteria for laboratory analyses, including calr'bration of laborabry equipment and 
internal laboratory QC checks (Le., reagent blanks, duplicates, mateix spikes, matrix spike 
duplicates, etc.), are Specified by the analytical method. p)ocumeatation is maintained for all 
analytical results as a means of supporting reported d t s  and identifying potential causes for 
measurement problems. 'Fhe FSP lists for each medium the 
detection limit, requirements for sample containem, sampk volume, -on, and holding 
times. Holding times for analysis of metals and radionuclides in biota samples are not 
established. A minimum holding time of 6 months and a maximum holding time of 1 year 
until sample digestion are proposed if the samples are preserved comedy (Le., frozen). 

* 'onmethod,method 

During analytical data review it will be verified that the laboratones performed the methods 
requested and followed method QMQC. The data will be validated by reyieWing raw data and 
supporting field and laboratory information to determine if they are of adequate quality for 
their intended purposes. Verification and validation forms will be prepared as a means of 
documenting the review process. 

4.5.5 Risk Characterization 

Risk characterization involves six steps: Exposure Assessment, Effects Assessment, Risk 
Description, Uncertainty Analysis, Risk Summary, and Intepetation of Emlogical 
Significance. These steps are described below. 

4.5.5.1 Exposure Assessment 

Ecological survey data will be used to determine which receptors inhabii the OU PII study area. 
Animals that are not found during surveys are not expected to have complete exposure pathways 
to OU III contaminants. However, some species that inhabit the OU IIH study area may not be 
documented by the surveys. Therefore, it will be assumed that the rare species (southwestern 
willow flycatcher, spotted bat, and peregrine falcon) inhabit the area even ifthey are not 
documented by the ecological surveys. 

The analytical data collected in the site field investigation will be used to define exposure 
scenarios for ecological receptors in Montezuma Canyon. The spotted bat and southwestern 
willow flycatcher's exposure will be estimated by measuring the tissue concentrations in a 
surrogate species, the cliff swallow. The exposure of fish in Montezuma Creek will be estimated 
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Exposure tbr the remaining receptors of con- (peregrine falco4 deer mouse, muskrat, and 
mule deer) will be esthatedthrough dose calculations. Enviromeatal media concentdon data 
and conservative exposure factors will be used to estimatethecon taminant dose ceceiyed by each 
of t h e  receptors. 

The basic equation that will be used in the dose cattadations is: 

(CS)(”/.DietWa)rndO + ( ~ Y % W } ~ W ~  
where: D- = dietary dose to the receptor, in mg/kg/day; 

Con& = contaminant concentration in food item A, in mg& 
% D i G  
L = receptor‘s ingestion rate for food, in kg/daay, 
FI 
C o n k  = contaminant concentration in food item B, in mg/kg; 
% D i k  
cs = contaminant concentration in soil, in m&, 
%Diet, 
CW = contaminant concentration in Meandering Road Creek surface water, 

= 

= 

= 

= 

percent of the receptor‘s diet consisting of food item A, in per- 

W o n  of the receptor‘s ingestion that occurs in contaminated amaq 

percent of the receptor‘s diet consisting of food item B, in per- 

percent of the receptor‘ s diet consisting of soil, in percent; 

in mgIL; 
receptor‘s ingestion rate for water, in Uday; and 
receptor‘s body mass, in kg. 

= 
= 

Doses will be calculated using mean and 95% UCL environmental media data The following 
receptor-specific factors will be used in the general equation: 

Peregrine Falcon 
* 

0 

0 

Diet is assumed to be composed of 98 percent birds and 2.0 percent soil (based on lowest 
ingestion values in Beyer et al. 1994) 
Ingestion rate for food is 0.29 grardgram body mass/day (0.0551 kg/day, EPA 1993e) 
Ingestion rate for water is 0.1 1 grardgram body d d a y  (0.0209 Uday, EPA 1993e) 
Fraction of ingestion fiom contaminated areas is 100 percent (35 hectare [87 acre] home 
range estimated fiom red-tailed hawk and American kestrel in EPA 1993c, 445 acre site) 
Body mass is 0.19 kg (estimated fiom American kestrel length [ 10.5 inches], National 
Geographic Society 1987, and body mass [125 grams], EPA 1993e) 

Deer Mouse 

* 

* 

Diet is composed of 68.9 percent invertebrates, 29.1 percent plants, and 2.0 percent soil 
(DOE 1993c and Beyer et al. 1994) 
Ingestion rate for food is 0.0327 kg/day (DOE 1993c) 
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e Ingestion rate for water is 0.00357 Uday (D0E 1993c) 
Fraction of ingestion from con- areas is 100 percent @ased on 0.5 acre home range, 
Burt and G r o d e i d e r  1980, and 445 acre site.) 
Body mass is 0.021 kg (DOE 1993c) 0 

Muskrat 

0 Diet is composed of 5 percent soil, 5 percent shrubs, 90 percent grasses (based on burrowing 
mammal soil hgeSion m Bey= et al1994, muskrat diet in EPA 1993% and vegetation types 
in Section 4.5.1.1 ) 
Ingestion rate for food is 0.34 &/day (0.34 wday, EBA 1993e) 
Ingestion rate for water is 0.97 g/g/day (0.97 Uday, EPA 1993e) 
Fraction of ingestion fiom Contaminated areas is 100 percent (60 m dianaeter home range, 
445 acre site) 
Body mass is 1 kg @PA 1993e) 

0 

0 

Mule Deer 

Diet is assumed to be composed of 2 percent soil (Beyer et al. 1994), 16 percent grasses, 16 
percent forbs, and 66 percent shrubs (estimated based on browse being dominant food type) 

e 

0 

e 

Ingestion rate for food is 7.33 kg/d (based on ingestion rate of 4.39 fix 59.9 kg deer, 
DOE 1993c) 
Ingestion rate for water is 4.55 Yday (based on water ingestion rate of 2.73 for 59.9 $cg deer, 
DOE 1993c) 
Fraction of ingestion fiom contaminated areas is 74 percent (600 acre home range, Burt and 
Grossenheider 1980,445 acre site) 
Body mass is 100 kg (estimated fiom Burt and Grossenheider 1980) 

4.5.5.2 Effects Assessment 

In the following paragraphs ecotoxicity profiles for the COPCs are presented, ecotoxicity 
benchmark values that will be used for risk characterization are derived, and the results of 
histopathological analyses are discussed. 

Ecotoxicity Profiles 

The ecotoxicity profiles in Section 4.5.2.1, Preliminary Emtoxicity Profiles, have been expanded 
for the metals COPCs that will be considered for risk assessment. These profiles are presented 
below. Emtoxicity data could not be found for gross alpha, beta, and gamma radioactivity. 

Aluminum 

Little aluminum is absorbed by the gut following ingestion; most is exmted with the feces 
(Seiler et al. 1988, and Thienes and Haley 1972). Of the aluminum that is absorbed, most h 
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0 deposited in the bones, which lowers levels of horgank phospharus 
to rickets (Browning 1969, 'phieares and Haley 1972). ID50 values fbr aluminum ingestion 
generally are unavailable for ani& because death occurs frorsl htesthal blockage from 
precipitated aluminum rather than' from systemic aluminum poisoniag (Mer et al. 1988). 

the bones, and can lead 

However, ingestion of aluminum at high concentdons absorbed doses that can 
lethargy, anorexia, or death ( N a t i h  &search C o d  1981). Tbe kidney is the primary 
organ that removes absorbed aluminum from the body (Kovalchik 1978). 

Aluminum compounds have been evaluated as non-mutagenic by mast standard mutagenicity 
assays (Fnierg et al. 1986). However, Shepard's Catalog of Texatogeaic Agents (Shepard 
1995) reports that aluminum is mildly teratogenic, pmduchg delayed postnatal development 
and lower learning acquisition in h. 

Long and Morgan (Long and Morgan 1990) do not wrt Effects Rangehw (ER-L) or 
Effects Range-Median (ER-M) conceatrationS for aluminum in sediments. Utah and Federal 
acute and chronic Ambient Water Quality Criteria (AWQC) are 750 pg/L and 87 &L, 
respectively. 

Devilers and Exobrayat (Devilers and Exobrayat 1992) reported *hour LC50 values of Q.27 
to greater than 1.762 mg/L for the toad, Bufo e r i c M U s ,  and 0.43 to greater than 1.018 
mg/L for the frog, Ran0 pipienr. 'Suter reports a recommended ecotoxiCity benchmark value 
of 10 mg/kg in soil (Sum el al. 1993). ICF Kaiser reports that 2500 to 2 W  mgAcg in Soit 
results in 55 to 75 percent survivai in the wood louse mer six to twelve weeks (ICF ~ s e r  
1989). 

Arsenic causes internal swelling and hemorrhaging in cattle and fowl (Booth and McDonald 
1982). Mitochondria are particularly vulnerable to inorganic arsenic, causing swelling and 
interference with heme production ' (Fowler 197 1). Arsenic toxicity in aquatic microorganisms 
causes growth and metabolism to decline (NRCC 1978). 

Shepard's Catalog of Teratogenic Agents (Shepard 1995) lists arsenic as teratogenic. 

Long and Morgan report an ER-L of 33 ppm and an ER-M of 85 ppm in sediment (Long and 
Morgan 1990). 

Utah and Federal acute and chronic Ambient Water Quality Criteria (AWQC) are 360 pg/L 
and 190 pg/L, respectively. 

Toxic doses of 7.6 ppm (240 hour, bass), 11.6 ppm (36 hour, minnow) and 60 ppm (16 hour, 
minnow) were reported by QHA4-TADS (1995). OHM-"ADS (1W5) q r t e d  oral LD50 
concentrations of 6.5 mg/kg-bw for fowl and swine, 15-112 mg/kg-bw for rats, 25-47 m&- 

I 
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bw for mice, and 324 mg/kg-bw for chickens. ED50 values of 145 m%lrg-bw for mice and 
763 mg/kg-bw for rats were reported (6igiena T.ruda i ProfeSsianaP'nye aabolevaniya 1987). 

Whitworth reported a 1U)AEL value of 3OQ ppm for mallard duck behavior and growth 
(Whitworth et al, 1991). schroeder reported a LOAEL value of 22.5 m%kg-bw/&y for rats 
(Schroeder et al. 1968). 
Cobalt 

Toxicity of ingested cobalt is dependent on overall diet. Rats did not tolerate cobalt in a milk- 
only diet. However, rats tolerated a daily dose of 1 mg/day in water for 14 weeks (Clayton 
and Clayton 1982). Young rats were unable to survive repeated 30 mg/&y doses of cobalt 
metal powdex in food, but they tolemte!d 1,250 mg in a single dose (Venugopal and h l c e y  
1978). 

Shepard's Catalog of Teratogenic Agents (Shepard 1995) lists cubalt as embryotoxic (causing 
reduced fetal weight) at 50 mg/kg throughout gestation. 

No Federal or Utah AWQC are listed for Cobalt. Long and haorgan do not report ER-L or 
ER-M values for cobalt in sediment W n g  and Morgan 1990). 

Venugopal and hckey listed the following LDlO values for cobalt: 150 mgkg 
intraperitoneal dose to mice, 375 mg/kg intrapritoneal dose to rats, l(P0 mg/kg intravenous 
dose to rats, and 20 mg/kg intravenous dose to rabbits (Venugopal and Lucky 1978). An oral 
LD50 value of 6171 mg/kg was reported for rats (J. Am. all. Tox. 1992). The National 
Research Council reports that acute cobalt toxicity occurs only at high doses (Le. 50 mg/kg- 
f d d a y  in chickens). Under 5 mg/kg-fdday, no adverse effects were noted 
(NRCC 1977). 

Copper is a trace metal that is essential to normal metabolism (TERIS 1995). It is not known 
to be teratogenic (Shepard 1995). 

The Utah and Federal chronic AWQC is lo00 pg/L 

Long and Morgan report an ER-L of 70 ppm and an ER-M of 390 ppm in sediment (Long and 
Morgan 1990). 

Many ecotoxicity data are available for fish. Reduced hatching of fathead minnows occurred 
at 621 pgn but not at 330 pgn (Scudder et al. 1988). LC50 values of 250 pg/l for a 96-hour 
bioassay and 123 pg/l for a 28-day bioassay were reported (Scudder 1988). Median M o l d  
Lethality (TLm) values of 0.43 to 0.47 were reported for 96hour fathead minnow bioassays 
(OHM-TADS 1995). LC50 values for trout range from 0.01 to 0.8 ppm (OHM-TADS 1995). 

September 1995 Remedid Investigation DOE-6JPO 
Page 4-78 DRAFT FINAL RlFS Worlt Plan 



Fewer data are available for - animals. ~ r e p o r t e d N O ~ v a l U e s o f  
29 mg/kg-body weighiday f= ducks and 22.8 mgkg-body weightlday for chickem 
(opresko et al. 1993). Suttle and Mills reported a LOAH, valw of 36 mglkg-bdy 
weight/day far rats (Suttle and Mills 1966). 

Molybdenum 

Excessive dietary molybdenum interferes with the metabolism of calcium and phosphorus, 

(Venugopal and Lucky 1978). 2-100 mgkg of molybdenum in feed causes diarrhea, weight 
loss, infertility, anemia, or death in livestock (NRCC 1982, $renugopal and Lucky 1978). 
No Federal or Utah AWQC are listed for molybdenum. Long and Morgan (1990) do ndt 
report ER-L or ER-M values for molybdenum in sediment. 

inducing osteoporosis, lameness, bondjoint &normalib, and amnecb 've tissue changes 

Molybdenum is an essential trace metal (TERIS 1995). It is less toxic in the presence of 
copper (Smythe 1982, TERIS 1995). Shepard's Catalog of Teratogenic Agents (Shepatd 
1995) lists molybdenum as teratogenic; it causes reduced fetal weight and post-natal runting. 

NOAEL values of 2400 and 7500 ppm were reported for bluegill sunfish and channel catfish, 
respectively. LC50 values of 6500 to 10,OOO were reprted for bluegill sunfish and channel 
catfish. (OHM-TADS 1995). LD50 values for rats range from 101 to 333 mg/kg-body 
weightlday (OHM-TADS 1995). 

Nitrate 

Nitrate is not listed as teratogenic in TERIS or Shepherd's Catalog of Teratogenic Agents 
(TERIS 1995 and Shepard 1995). AWQC and Long and Morgan ER-L and ER-M values are 
not available. 

IRIS reported human NOAEL and LOAEL values of 2 and 20 mg/kg-body weighthy, 
respectively. A reproductive and developmental NOAEL of 66 mg/kg-body weighthy was 
reported for mice and hamsters ( IRIS 1995). IRIS reported a NOAEL of 507 mg/kg-body 
weightlday and a LOAEL of 1130 mg/kg-body weightlday for guinea pigs (IRIS 1995). 

Selenium 

Shepard's Caralog of Teratogenic Agents (Shepard 1995) reports that selenium is not 
teratogenic at maternally toxic levels. 

Utah and Federal acute and chronic AWQC are 20 pg/l and 5 &l, respectively. ER-L and 
ER-M values for selenium are not reported by Long and Morgan (Long and Morgan 1990). 

A toxic dose of 2 ppm was reported for goldfish (OHM-TADS 1995). LD50 values for rats 
range from 6 to 7600 mg/kg-body weighthy (OHM-TADS 1995, T'ology &Applied 0 PhantrcrcoZogy 1971). Opresko reported a LOAEL value of 0.57 mgkg-body weight for mice 
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(OpresSoco 1993). Oral LD50 values of 4 and 2 mglkghdy weightlday wexe reporkd for 
dogs and cattle, respectively. 

Sodium 

Sodium is not listed as teratogenic by 'FERIS or Shepad's CIUtahg of T e m g m k  Agem 

sodium (Federal and State AWQC documents, Long and Morgan 1990). 
(TERIS 1995 and Shepard 1995). AWQC, ER-L, a d  ER-M values are not reported for 

A NOAEL of 4720 mg/l was reported for stickleback (OHM-TADS 6995). Chronic toxicity 
limits of loo0 ppm for all animals and 2000 ppm for livestock were reported (OHM-TADS 
1995). An in-meal LD50 O f  4 g/kg-body weight for rats w a ~  ~ r t d  by Bovet and 
Bovet-Nitti (Bovet and Bovet-Nitti 1948). 

No ecotoxicity data were available for sulfate. 

Tin 

Neither TERIS nor Shepard's catalog of Teratogenic Agents ("ERE 19% and Shepard 1995) 
lists tin as teratogenic. AWQC, EX-L, and ER-M values are not reported for tin (Long and 
Morgan 1990). 

Ingestion of tin powder caused vomiting but not permanent injury in rats (International Labor 
Office 1983). Tin was tumorogenic when implanted at a rate of 395 mg/kg-Wy weight in 
rats (Research Communications in Chemical Pathology and Pharmacology 1977). 

Vanadium 

Vanadium poisoning in rats led to reduced food and water ingestion, hemomhagmg from the 
nose, diarrhea, weight loss, hind-limb paralysis, labored respiration, convulsions, and death. 
Vanadium adversely affects the adrenal cortex, brain, spinal mrd, bone marrow, liver, kidney, 
and lung (Zaporowska and Wasilewski 1989, Gosseh et al. 1984). High concentrations (0.8 
mg/mL water)of orally-administered vanadium led to hypoglycemia in animals (Meyervitch 
1987). 

Paternain report that vanadium is not teratogenic (Patemain et al1987). 

AWQC, ER-L, and ER-M values are not reported for vanadium (brig and Morgan 1990). 

Hilton and Bettger reported that 0-10 g/kg of vanadium in food c a d  reduced growth in 
rainbow trout (Hilton and Bettger 1988). At 493 g/kg in food, rainbw trout demonstrated 
food moidance and increased mortality. While a minimum toxicity levd was not determined 
by the study, it probably is less than 10 mgkg in f d  (Hilton and Bettger 1988). 
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0 A subcutaneous 1950 of 59 mg/.kg-bcKly weight was reported for rabbits (Fannakohg&a i 
Taxicologiya 1965). 

Zinc is an essential trace metal, Zinc-deficient rats showed dermatitis, emaciation, testicular 
atrophy, and retarded growth (Friberg et al. 1986). However, at high concentrations, zinc 
becomes toxic. Zinc poisonins results in lassit&, slow reflexes, dianka, lowered leukocyte 
count, depression of the central nervous system, and paralysis of extremities (Venugopal and 
Lucky 1978). Young animals tend to be more Susceptible to zinc poisoning than mature 
animals (Clarke et al. 1981). 

Zinc is not listed as teratogenic by " E N S  or Shepherd's W o g  of TeratogeniC Agents 
(TERIS 1995 and Shepard 1995). 

Utah and Federal acute and chronic AWQC are 120 p@ a d  110 p g L ,  m d y .  h n g  
and Morgan reported and ER-L of 120 ppm and an ER-M of 270 ppm in sediment (Long and 
Morgan 1990). 

LC50 values for fish range from 0.67 ppm for a 14day bioassay with cutthroat trout to 7.2 
ppm for a 96-hour bioassay with rainbow trout (OHM-TADS 1995). 

opreslco reported a L o a  value of 1.7 mg/kg-twciy weight/&y for mallard ducks p p h  
et al. 1993). Sutton and Nelson and Lewis reported a NOAEL value of 75 m a - b o d y  
weightlday for rats (Sutton and Nelson 1937 and Lewis et al. 1957). 

Toxicity Benchmark Values 

Calculated doses (for peregrine falcon, muskrat, mule deer, and deer mice) and measured 
concentrations (cliff swallows for southwest willow flycatcher and spotted bat, and benthic 
macroinvertebrates for aquatic prey species) will be compared to the NOAEL and the LOAEL for 
each COPC to obtain hazard quotients. The NOAEL and LOAEL were obtained for each 
contaminant by multiplying ecotoxicity values fiom the scientific literature by uncertainty factors. 
Uncertainty factors were applied if( 1) the toxicity benchmark value was not a chronic NOAEL, 
(2) if the toxicity benchmark value was for a species other than the receptor of concern, or (3) if 
the exposure pathway was different fiom the pathway under consideration. If a chronic NOAEL 
was found in the scientific literature, the LOAEL was obtained by dividing the NQAEL by an 
uncertainty factor. 

Table 4.5-37 presents the raw toxicity data, the uncertainty fbctors applied to the raw data, and 
the resulting LOAEL and NOAEL values for OU III metals COBCs. 

Ecotoxicity data have not yet been identified for radionuclides andor gross alpha, beta, and 
gamma radioactivity. EPA is currently reviewing wildlife-specific radionuclide toxicity 
benchmarks that have been developed for use in the Rocky Flats, Colorado, National Priorities @ 
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List (NPL) site. Ifthese benc- are available, *will beused fortbe OUm risk 

HistoDatholom 'A Anahrses 

Histopathological results fiom samples collected in OU PH wilt be c a p r e d  to d t s  fim 
samples collected in the reference area to determine whether OU III clifFswallows have 
significantly higher rates of abnormalities. 

assessment. 

4.5.53 &k hS&ptiQn 

In this step, hazard quotients will be calculated. For aquatic prey species and fish, the hazartl 
quotient is the ratio of abiotic exposure point concentdon @om cabiotic analytical data and 
ground-water modeling data) to the Federal or State AWQC, or to concentration-based LQAEL 
and NOAEL values in pa. For the spotted bat and southwestern willow flycatcher, the hazard 
quotient is the ratio of the measured clifFswallow concentratioaa to tissu~~ncentratl 'on toxicity 
benchmark values, in m a g .  For the remaining receptors, the hazard quotient is the ratio of the 
calculated dose to LOAEL and NOAEL values, in mg/kg body weight/day. Hazard quotients that 
exceed 1 .O indicate a potential for ecological risk. 

Hazard indices (sums of hazard1 quotients for groups of contaminant with similar toxicity 
mechanisms) will be calculated to estimate risk from receptors' exposure to multiple contaminants. 

4.554 Uncertainty Analysis 

A qualitative uncertainty analysis will be performed to address major sources of uncertainty in the 
risk assessment. Major sources of uncertainty include not only sampling and data uncertainty, but 
also uncertainty in the risk estimates due to uncertainty in the toxicity benchmark values, 
modeling estimates, and other information included m the risk equations. 

4.5.5.5 Risk Summary 

In the Risk Summary, two methods will be used to draw conclusions as to the hazard posed by 
COPCs at the site. These are the hazard quotient approach and the weight of evidence approach. 
Uncertainty in the data and the risk determinations also will be discussed. 

The weight of evidence approach includes not only the quantitative risk calculations or lhazard 
quotients, but also the ecological survey and other data collected fiom the site that are 
comparable to data collected fiom the reference area. Ifdata collected h m  the site are 
significantly different fiom data collected fiom the reference area, and habitat and physical 
variables can be ruled out as the cause, the evidence suggests that the site is affecting the 
parameters under consideration. Because only one season of fidd data will be available, these 
data are not as strong as they could be if several ses~sons of data were available. However, 
together with the hazard quotients, the evidence is used to determine ifadverse effects are likely 
to be occurring at the site due to elevated concentrations of source-related contaminants. 
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for Ecological RisR Assesmenf (EPA 1992a). The hterpretation Win place risk estimates in the 
context of the types and extent of anticipated effects. Aspects of ecological Signiscance that m y  
be considered include the nature and magnitude of the effects, the spatiral and temporal patterns of 
the effects, and the potential fir fecovety once stressors are removed. 

4.6 Task 5: Human Health Risk lhsessncent 

The mandate of CERCLA and the NCP t to protect human health and the environment from 
current and potential threats posed by exposure to unOOntrOUed hazardous substance releases. 
To help achieve this mandate, EPA has developed a risk asesment process as part of its 
remedial investigations program under CERCLA. According to the RiskrQSrexmrent Gui&znce 
for Superjknd, Volume I .  Hwnan Health Evaluation Mmurol (EPA 1989c), the goal of the risk 
assessment process is ...to provide a framework for developing the risk information 
necessary to assist decision making at remedial sites." In other words, site-specific data are 
used to develop the risk assessment that is used to suppat risk management decisions. 
Specific objectives of a risk assessment are to prov ide :  

An analysis of baseline risks and to help determine the need for action at sites; 

A basis for determining levels of chemicals that can remain on site and still be protective 
of public health; 

e 

e A basis for comparing potential health impacts of various remedial alternatives; and 

0 A consistent process for evaluating and documenting potential human health threats at 
sites (EPA 1989~). 

A baseline risk assessment that meets the objectives listed above will be deweloped for OU III 
at the MMTS. The human health component of the baseline risk assessment wil l  be developed 
on the basis of the Risk Assessmenr Guidance for Superjknd, Volume I ,  Human Healih 
Evduution Manurzl (EPA 1989~). This section describes the conceptual site model, the 
approach for the major components of the human health risk assessment, preliminary site 
calculations, data quality objectives, COPCs, sampling program, and analytical program. 

Sections 4.6.1 through 4.6.3 address the preliminary activities that laid the groundwork for the 
juman risk assessment. Section 4.6.4 presents the proposed hu;man health risk assessment 
activities to be performed under the RI. 

4.6.1 Conceptual Site Model 

A Conceptual Site Model was developed with available data to provide apreIiminory 
understanding of the sources of contamination, the migration pathways of umtaminants, and 
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potential receptors that may contact con taminants within upper and lower Montezuma Creek. 
The CSM wasalsousedtoassesstheadequacy ofpresentidormatimandto.identifydata 
gaps. ahe risk assessment information will be used in conjunction with the other CERCLA 
criteria to evaluate remedial alternatives. Figure 4.61 presents the preliminary conceptual site 
model for the human health risk asssment. 

4.6.1.1 IMmq Co * ' t soume 

Mill tailings in fourpiles in or near the Montezuma Creek stream channel at the millsite are 
the primary original source of contamination in upper and lower Mcmteama Canyon. 

related contaminants have migrated from this source. The millsite tailings will be removed as 
part of OU I which will be remediated according to the 1990 ROD for OUs P and Ip. 

Through a variety of release mechanisms (discussed in sectiola 4.6.1.3), tailings and tailings- 

4.6.13 Secmdary Co - * t sou- 

A secondary soufce of con tamination along Montezuma Creek is contaminated sediments. 
These sediments may be either beneath the water surface in Montczuma Creek (Le., in the 
creek bed) or above the water surface (e.g., in flaodplain or former streamchannel deposits). 
The original source of the contaminated sediments along the creek is the mill tailings that have 
migrated downstream of the millsite via surEace water/sediment transport or, potentially, the 
leaching and reabsorption of the contaminants. Recent gamma scan surveys (see Appendix B) 
indicate that contaminated sediments have potentially migrated to the downstream boundary of 
QU III, which is approximately 0.5 miles below the confluence of Montezuma Creek and 
Vega Creek. 

e Surface Water rand Ground Water 

Other secondary sources of contamination in the canyon and on the millsite are contaminated 
surface water and contaminated ground water in the upper ground-water flow-system. The 
original source of the contamination of these two media is also tailings at the millsite. 

46.13 Release Mechanisms 

8 Surface Water Runoff 

Surface water flow in Montezuma Creek releases con taminants to media along the creek by 
transporting tailings materials from existing piles and soil beneath the piles and by scoufing 
and redepositing indigenous and/or tailings-related sediment particles on which contaminants 
are adsorbed. The potential residual risks from leaching of contaminated soils and sediments 
into surface-water runoff will be evaluated in the human health rislc assessment. Some low- 
level residual contamination below the 5/15 pCi/g standard will remain in the soil at the 
millsite after OU I is remediated according to the existing ROD. 
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m 

Mill tailings materials, either at the millsite or deposited in the sediments along Montezuma 
Creek, may leach into the surface water or ground water. Sianrlarly, con olmination adsorbed. 
onto indigenous sediments dong the creek may leach into the surface water and ground water, 
and' contamination in F u n d  water may discharge from the upper ground-water flow-system to 
SlIlfaCe water. The porntial residual risks from leaching of sediments along the creek and 
residual soils left on the millsiteinto surface water and ground water will be examined in the 
human health risk assessment. 

Wind may suspend tailings materials Prom the surface of the piles at the millsite and residual 

Montezuma Creek but above the water surface. Although the g m d m  of fugitive dust from 
the contaminated sediments is probably negligible, the potential risks from inhalation of 
fugitive dust will be evaluated using the available air monitoring data conected for the MMTS. 

soil contamination after the piles are removed or may transport oonkmhated sediments along 

e Radioactive Decay 

Radon is produced from contaminated sediments along the creek during the radioactive decay 
process of Ra-226. Radon exposure to humans will be determined on the basis of 40 CFR 192 
remedial action standards. In addition, gamma radiation will be evalllatpA. 

4.6.1.4 lExposlare Media 

Contaminated media will be characterized by the activities detailed in this Work Plan so 
that human exposure by ingestion, inhalation, dermal contact, and/or direct radiation exposure 
can be evaluated. 

e Sediment 

Contaminants may be present at hazardous levels under existing or certain future land use 
scenarios in the sediments from deposition of tailings materials, adsorption onto indigenous 
sediment, or because of contaminated pore water. 

e Surface Water 

Contaminants may be present at hazardous levels under existing or some potential future land 
use scenarios in Montezuma Creek surface water at and downstream of the millsite as a result 
of surface-water transport of contaminants leached from the tailings piles or residual 
contamination in soils, discharge of contaminated ground water from the upper ground-water 

indigenous sediments on which contaminants have adsorbed. 
flow-system, and leaching from transported tailings materials, residual confaminated soils, or 
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Contaminants may be present at hazardous hels under existing or some pomtial future land 
use scemrhs in the ground water at the &te and downgradient of the millite as a result of 
ground-water transport of contaminants leached h m  the tidings piles or residual 
con tamination in soils and by leaching from transported tailings naaterials or indigenous 
sediments on which contaminants have adsorbed. Ground water beneath Montezuma Creek 
also may be con taminated by the seepage of contaminated SurEace water (e.g., at the beaver 
dams) or by the leaching of alluvial sediments from the surface-water flow. 

Wind-suspended tailings materials from the surface of the piles at the millldte, residual 
contamination in soils, or contaminated sediments may reside in the bpeathing m e  of the air 
column, or settle directly on the surface of plants or on the ground surface. In addition, the 
presence of Ra-226 in the tailings materials indicate that radon and radon daughters may be 
produced by radioactive decay and migrate into the air column at kels potentially above 
background. 

Humans could be exposed to contaminants through biota. Biota of potential concern to 
humans are farm livestock (e.g., beef and dairy cattle), game animals, and farm-grown crops 
and garden vegetables (exposed to contaminated water and soil). 

Contaminants may be present in the soil because of wind blown migration of con taminants 
from the tailings piles or flooddeposition of contaminated sediments. Soils could also become 
contaminated from the leaching of contaminants from the tailing piles into soils. 

4.6.1.5 Human Receptors 

Children and adults will be considered as potential receptors for the human health risk 
assessment. The magnitude of their exposures will be greatly dependent upon the various land 
uses and exposure routes evaluated. 

Three potential land uses will be considered for the upper and lower Montezuma Creek and 
millsite. Both current and future recreational use is assumed and includes activities such as 
hiking, camping, and hunting. Agricultural use will be assumed for lboth current and future 
Scenarios. Surface water from Montezuma Creek is used for higation and this use is 
anticipated to continue into the future. Currently, there are no residences on top of or directly 
adjacent to contaminated soils included in QU III. Future residences are possible in the 
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canyon, although they are not amsidered likely because of flcmdplain 'OILS, wetlands, 

assumptions, however, have not been detemmd . by the t..emedial projest wanagers. Until this 
dBcision is made, it Wbe assumed for thepurpose of the Work Plan that some future 
residential land use will occur h upper Mcmtezuma Creek "kprt ion of the study area 
referredtoasupperMontezumacreekextendseastfnmnU.S.Highway 191tothephtat 
which the canyon narrows (see Figure 1.0-3). hwer M m m  Creek will be considered as 

current and future land use scenarios. 

and the anticipated magnitude and direction Of growth Of %htWb. The final funue land-= 

Tecfeational in the fuaue land-= Scenario and agricultrrral (cattle gazing only) for both the 

The exposure-routdexpommedium combination listed below will $e considered for the 
following receptors: 

Agriculture (RanchedFarmer) 

0 Ingestion of sediment, surfixe water, biota, soil, and ptentiauy ground water. 

Inhalation of air (fugitive dust and radon). 

e Dermal contact with surface water, and ground water. 

e Direct radiation exposure (gamma exposure) to radiological con taminants from sediments 
and soil. 

Recreational (Hiker and Hunter) 

@ Ingestion of sediment, surface water, biota, soil, and potentially ground water. 

0 Inhalation of air (fugitive dust and radon). 

0 Dermal contact with surface water. 

0 Direct radiation exposure (gamma exposure) to radiological con taminants from sediments 
and soils. 

Residential (Children and Adults) 

0 

Ingestion of sediment, ground water, biota, soil, and potentially surface water. 

Inhalation of air (fugitive dust and radon). 

0 Dermal contact with surface water and ground water. 
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@ e Direct radiation exposure (gammaexposure) to radiological contaminants from sediments 
and soils. 

The major compents of a baseline human health risk assesmmt are: 

0 Data collectiddafa evaluation 

Toxicityassessment 

This Work Plan describes the major activities for the dataalkdon p k  of the human-health 
risk assessment. The most important aspects of the activities described in this Work Plan that 
will be used to support the risk assessment are (1) review/use of available site information, (2) 
definition of background sampling needs, (3) incorporalion of the conceptual site model into 
the sampling strategy, and (4) consideration of the modeling parame-ter needed to estimate 
future residential exposures. 

An initial review of the available site data has been completed. On the basis of this review, it 
appears that some exposure pathways are complete for all six exposure media. A review of 
the existing data also indicates that limited additional information is needed to evaluate 
potential risks according to the Risk Ass-m Guihncefor S ~ ~ ,  Volume I ,  Human 
Health Evaluarion Manual (EPA 1989c) and Guidance for Data Useabilio in Risk Asseamenz 
(EPA 1992b). 

Q The concentration and distribution of contaminants in sediments are poorly understood, 
particularly for metals. This information is needed to estimate risks to current and 
future receptors and will be gathered as part of the ecological risk assessment (see 
Section 4.5). 

e Adequate data exist to evaluate exposure to con taminants in air for the current scenario. 
Modeling may be required to assess future exposure to Contaminants in air. Modeling will 
not be neceSSary if the current scenario risk is not important and conditions are not 
assumed to change significantly. 

Q Surface water is currently not used as a drinking water source nor is it anticipated to be 
used as a drinking water source in the future because of the availability of potable ground 
water and/or city-supplied drinking water.   ow ever, according to the state classification 
for Montezuma Creek, this water could be used for drinking water after treatment. 
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8 

e 

e 

S ~ w a t e r a l s o  serves as an important can tamhation souyce to biota (crops, cattle) that 
will be ingested by humans. Some surfkce water data are available, and-additional data 
will be gathered as part of the annual monitoring program. 

The Burro Canyon aquifer could be used asa source of drinking water. It is currently not 
contammted but may become amtambled inthefuture. Groundwatercouldbeplsedto 
irrigate crops or as a drinking water source, assuming a future residential land-use 
d o .  Additional wells will be added to the Burro Canyon aqu&r monitoring network 
to supplement the existing network The wells will be monitored quarterly for the first 
year and thea incorporated into to annual m d t o r h g  program. 

Mu& consumption of deer and cattle, barm-grown crops, and gatden vegektbles is 
likely. Continued agricultural use of the canyon is considered very likely and ingestion of 
biota could be an important pathway. Additional information may be needed to estimate 
risks associated with the ingestion of cattle, farm-grown crop, and garden vegetables. 
Both cattle and deer will be both exposed to con taminants from grazing and the ingestion 
of surface water. 

The upper ground-water flow system has been used near the Site. Continued use of this 
system is expected. Other than the annual monitoring program, no additional data 
will be gathered from the upper ground-water flow system to support the human health 

concentrations in the upper ground-water flow system. 
risk assessment. Ground-water modeling will be USBd to assess future am taminant 

Soil includes the areas within OU III above the sediment deposits. Soil may serve as an 
important exposure medium for all of the evaluated exposure scenarios, particularly 
assumed future residential use in upper Montezuma Canyon. 

Once all the data are available, the major steps during the data evaluation process will be to 
(1) combine data from multiple sources, (2) evaluate analytical methods, quintitation limits, 
and qualified data, (3) compare concentrations detected in blanks with concentrations detected 
in samples, and (4) compare analytical results of samples with background levels. On the 
basis of the analytical results, further reduction of the number of COPCs will be done as part 
of the risk assessment. 

4.62.2 Expasure Assessment 

The objective of an exposure assessment is to estimate the type and magnitude of exposure to 
the COPCs that are present or released from a site. The results of the exposure assessment are 
combined with the chemical-specific toxicity information to characterize potential risks 
(EPA 1989~). 

The three major parts of an exposure assessment are (1) characterkation of the exposure 
setting (physical characteristics of OU III and the adjacent Epopulations), (2) identification of 
exposure pathways (this will involve refinement of the conceptual site model), and 
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(3) quantification of exposure (quantifkthn of the magnitude, frequency, and duration for 
each identified pathway). Exposure parameters will be obtainerl from the Hummr Heaul 
E~aluation M d ,  SuppkmeMd d;uidmure= srrurdardwd Exposum Factors @PA 1991) 
of the Exposure Factors H4ndbooB (EPA 198%). 

Several issues assackited with the exposure assessment will require approval by the RPM and 
the State before proceeding (EPA 1989b): 

0 Determination of potential future land use 

8 Exclusion of exposure pathways from quantitative analysis 

e Evaluation of chemical transport in sediment and ground water 

4.6.2.3 Toxicay Assessment 

The purpose of the toxicity assessment is to evaluate information concerning the potential for 
contaminants to adversely affect exposed individuals and, where possible, to estimate the 

severity of adverse effects (EPA 1989~). 
relationship between the extent of exposure to a con taminant and the increased lihlihoad and 

The primary source for toxicological data will be EPA's Integrated Risk I ~ f i ~ ? m a t i ~ ~  System 
(IRIS). The secondary source will be the Heakh Efkcts A s s m m  Summary Tobles 
(HEAS") (EPA 1993~). 

The toxicity assessment will include brief toxicologid profiles on the COPCs and a discussion 
of the uncertainties. Separate tables will identify potential Carcinogenic and 
noncarcinogenic effects. 

4.6.2.4 Risk Charadehtion 

Risk characterization integrates the exposure and toxicity assessments into quantitative and 
qualitative expressions of potential risk. The major steps that will be followed during the risk 
characterization are to (1) organize outputs of the exposure and tonicity assessments, 
(2) quantify pathway risks (total cancer risk and noncancer hamrd index), (3) combine risks 
across pathways that affect the Same individuals over the same time periods, (4) evaluate 
uncertainties, and (5) summarize results of the baseline risk assessment (EPA 1989~). 

4.6.3 Preliminary Site Calculations 

This section presents a preliminary screening assessment of potential human health risk and 
surface water and ground water regulatory status conditions at OU IIl based on prior 
information. The objective of the Screening assessment is to identify those media (e.g., 
ground water), contaminants, and pathways that are of greatest risk or regulatory concern so 
that the study design can be focused to identify a risk assessment decision d o ,  and specify 
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the data necessary for those decisions The d g  assesmat does not supplant an 
integrated multimedia baselhe risk assesmeat (MU). It emphys c c m s x ~ ~  've single 
medium, single pathway concentration benchmark indices for ease of comparison. The 
benchmarks are not preliminary remediation goals (PRGs) because they address only a single 
Pgth=y* 

4.6.3.6 E h ! h i m q  I5edmdk Cakdatinrs 

Input Parameter 
I 

The preliminary calculations developed herein designate a set of chemical and media 
benchmark amcentrations in ground water, surface water, sediment, and soil that are 
significant from a human health risk Screening Perspective. m y  are intended for 
two purposes: 

Reside& aeaeetionel 

1. Facilitatean appraisal of specific media in termsofpotential human health riskby 
comparing measured concentrations with the benchmarb. 

2. Evalute analytical sensitivities to support identifying methods for the chemical analysis 
Program. 

Table 4.61 lists the major exposure parameters used for the benchmark computations. Using 
the exposure assumptions from Table 4.6-1 and curreslt EPA toximlogical dose response 
factors, preliminary human health Screening benchmarks were develcpd for known or 
suspected Carcinogenic substances (Table 4.62) and for compounds presenting known or 
suspected adverse noncarcinogenic effects (Table 4.6-3). Toxicological factors including 
cancer slope factors for potentially carcinogenic compounds and reference doses (RfD's) for 
systemic toxicants were obtained from EPA's IRIS data base. The factors and other 
computational details are identified in Appendix D. These benchmarks represent the media- 
specific concentrations that, in theory if administered according to the assumptions in 
Table 4.61, would result in a computed lifetime excess cancer risk of 1E-6 to 1E-4 or an 
average daily intake equal to the reference dose, thereby giving a hazard quotient @Q) of 1.0. 

Table 4.6-1. Main Exposure Parameten Used for Preliminary Human Health Benchmcuks 
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Tpble 4.62. Pr- Human Heawl 32mening BenchmarRs 
PotenziaUy carcinogenic Wumiicals 

2.98 
2.98 
2.38 

M o n d i t i e  

Lerd -210+D 
Polollium -210 
Redium-226+D 
Radium-228+D 
Radon-222+D 
Tborium-230 
Tborium-2n 
Uranium-234 
U&-235+D 
Uranium-238 + D 

2289 I 47.89 1371.42 
2289 0.17 0.17 
1832 0.80 0.82 

0.07 
0.32 
0.40 
0.48 

28-01 
3.66 
3.97 

56 
244 
305 
366 

21,574 
2818 
3053 

1.m 
5.27 
0.01 
0.01 
0.01 

5651 
63.52 

237.06 
1278.78 

0.01 
0.01 
0.01 

767.19 
1585.09 

Note: hlirmnary kachmah are arbitrarily sd ata 1Eb excess -risk for a shgbconqxnd a d  a 
ingestion pathway. Tbe acceptable risk, r. range spans o fector of 100, h 1E6 to 1E4. Multiplying a bedmark  
in the table by 100 gives the corresponding 1E4 excess risk coocsotretion bednnd. 
Example - Arsenic m ground water: 1E4 bedmnuk is 5E-5 mgA 

5E-5 mgfl x 100 - 5E-3 (i.6.. 5 p%l) 

Table 4.6-3. Preliminary Human Health Screening BenchmarkF 
Potenrial Systemic Noncarcinogenic Efiects 

Compound 

Antimony 

Arsenic 

Barium 

Beryllium 

Chromium 

I Cobalt 

Ground1 Water 
Cmm 

(A) 

0.01 

0.001 

2.56 

0.18 

0.02 

80.18 

Surface Water 
( m 0  

(A) 

11 

1 

1,955 

140 

14 

140 
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Table 4.6-3. PrehniiMIy Human Health &re- Benchmarks 
Potential Systemic N ~ e n i c  Egects (Coertimreri) 
~~ 

.6miIdwaten 
(m%l) 

1.35 

0.1 

0.18 

0.01 

0.73 

0.18 

0.18 

0.003 

0.26 

10.95 

slba 
(mngflrg) 

10,144 

1800 

38,421 

$2 

5,489 

1,372 

1,372 

22 

1,921 

82,33 1 
Microgram;lm=E 

sdimeu$ 
(mgkd 

u,m,432 

3s3,74Q 

93,589,744 

mS49 

13,369,963' 

3,342,491 

3,342,491 

53,480 

4,679,487 

200549,451 
' e r e i r c e b  

This section combines the preliminary lknchmarks developed in Section 4.6.3 with summary 
monitoring data for the OU III study area and contrasts site specific concentrations with human 
health risk benchmarks and pertinent regulatory markers. 

Maximum and average concentration data were used for this initial Screening step, although 95 
percent UCLs will be used in the BRA as more data become available. 

Upper m0 w System 

The upper flow system, as indicated in the conceptual site model (Figure 4.61) is a central 
component of the human health risk assessment. This is because, although not currently so 
used, it is conceivable that ground water from this system could be used fof domestic supply, 
and this ground-water system is a source of baseflow for Montezuma Creek. 

Presented in Table 4.64 are pertinent regulatory and human health risk benchmarks for the 
upper ground-water flow system and a summary of recent upper flow system monitoring 
results for upgradient, millsite proper, and d o w n m e n t  monitoring wells. Upgradient data 
are provided to promote an integrated view of the upper flow system in context of the Site 
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conceptual model. Contrasting benchmarks with the monitming data and noting exceedances 
(shaded boxes) indicate segments of the upper flow system of ptenthl human health risk or 
regularmy concern. Ifa maximum concentration eJtceeds a hchmark, a locatized condition 
is often indicated because some ground-water monitoring wells, such as those rn miUte, are 

concentrations. Biased in this manner, they often iltentifv localid cmhmmab - 'onhotspots 
that are not reflective of overall contamhation in the ground-watea system. Ground-watex 
extraction occurs over a spatial domain encompassing the overall of the system. Whm an 
average ground-water concentration exceeds a benchmark, the situaiim is normally more 
widespread and is often indicative of a greater potential health or xquhtoq issue. 

often located in a biased manner to ideatify source areas and maximum con taminant 

Inspection of Table 4-64 indicates that chemical amcentrations for several compounds in the 
upper flow system, downgradient of the mikite, exceed some bedmark values. Pertineat 
preliminary observations include: 

1. On the millsite, upper flow system mmdmML mceatrations of antimony, arsenic, lead, 
selenium, elemental uranium, vanadium, Ra-226, U-234, U-235, U-238, gross alpha and 
gross beta ex& the 1E-6 excess risk benchmark or a regulatory measure. Arsenic, 
U-234, and U-238 exceed their respedive 1E-4 excess risk benchmarks. Antimony's 
exceedance of the 1E-6 excess risk benchmark occurred only once; this occurrence was 
at well 365E93-201-2, a well completed with backfill material in the northwest area at 
the millsite in the vanadium roast area Turbidity of the sample was greater than 
lo00 NTUS. 

2. On the millsite, upper flow system average concentrations of arsenic, elemental uranium, 
vanadium, U-234, U-235, U-238, gross alpha and gross beta exceed the 1E-6 excess risk 
benchmark or a regulatory measure. Concentrations of arsenic, U-234, and U-238 
exceed 1E-4 excess risk benchmarks. 

3. Within the downgradient upper flow system, marirmrm concentrations of arsenic, 
beryllium, chromium, lead, nickel, selenium, elemental uraniw, vanadium, Ra-226, 
U-234, U-235, U-238, gross alpha and gross beta exceed the 1E-6 excess risk 
benchmark or a regulatory measure. Arsenic, beryllium, U-234, and U-238 exceed their 
respective 1E-4 excess risk benchmarks. 

4. Downgradient upper flow system average concentrations of arsenic, beryllium, elemental 
uranium, vanadium, U-234, U-238, gross alpha and gross beta exceed the 1E-6 
excess risk benchmark or a regulatory measure. Only arsenic exceeds its 1E-4 excess 
risk benchmark. 

5. The sequence of upgradient-millsitedowngradient concentration profiles for elemental 
arsenic, selenium, elemental uranium, vanadium, Ra-226, U-234, U-238, gross alpha 
and gross beta suggest a source to receptor relationship consistent with the conceptual site 
model. Inspection of the data summary statistics (Annex C-1 of Appendix C) suggests 
that concentration ranges in the upper flow system do not vary widely over time, which 
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is consistent with a constant source magnitude and release term (e.g., the tailings) 
identified in the conceptual site model. 

6. Upgradient arsenic and lperylliwn concentrations exceed 1E-6 excess risk benchmarks. It 
is not uncommon for gmmd-water afsenic and kyllim concentfati(MIs to exceed 1E-6 
risk benchmarks, and d d y  regulatory thresholds owing to natural levels and 
consenrative assumptions embodied in the computations. 

This evaluation is intended to be indicative, not exhaustive; however, the major points 
identified above are consistent with site history and the conceptual site model. The data on 
which these findings are based reflect conditions resulting from the mill tailings (e-g., OU I )  
serving as a source to the upper flow system. The upper flow system @-water q d t y  
will improve following m n e x h t i  - -on of OU I, although the time period required to protect 
human health will be estimated based on the results from the ground-water modeling. 

In summary, this screening indicates: 

1. In consideration of a hypothetical domestic future use of the upper flow system &round 
water, on the MMTS, and down gradient of the millsite, that there is an appreciable 
potential adverse health risk. This is because maximum concatrations of arsenic, 
beryllium, U-234, and U-238 exceed their respective 1E-4 excess risk benchmarks. 
When average concentrations are considered, only arsenic exceeds the 1E-4 excess risk 
benchmark. Contaminant concentrations tend to be higher for the MMTS than for the 
off-site areas to the east. 

2. This assessment indicates some concern for regulatory compliance. Millsite and down- 
gradient upperflow system maximum concentrations of: arsenic, beryllium, chromium, 
lead, nickel, selenium, elemental uranium, vanadium, Ra-226, U-234, U-235, U-238, 
gross alpha and gross beta exceed regulatory markers flable 4.64). Compounds whose 
average concentrations exceed regulatory measures include arsenic, elemental uranium, 
gross alpha and gross beta. 

Montevrma Creek Surface Wder System 

Montezuma Creek, as indicated in the conceptual site model (Figure 4.&1), receives 
significant baseflow from the upper flow system as well as runoff from the local watershed. 
From a human health risk perspective, and on the basis of observed activities, Montezuma 
Creek could serve as a point of exposure from recreational use and this is the principal 
pathway of concern. Montezuma Creek is also being used for agricultural purposes (Le., 
watering cattle). 

Table 4.6-5 contains pertinent regulatory and human health risk benchmarks for Montezuma 
Creek as well as a summary of recent monitoring results. As was described - intheprevious 
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section, monitoring results from sampling stations upgradient of the millsite, the millsite 
proper (which includes surface -op.eps), and downgradient mphesented. Upgradient data are 
included to encourage a view of Montezuma creek in context of the CoILCeptual site model. 
Analogous to the previous discusson . , contrasting benchmarks with the monitoring data and . 
noting exceedances (shaded boxes) indicates whder  specific reaches of the creek pose 
potential human health risk or regulatory concerns. When a maximum concentration exceeds a 
benchmark, a bd ized  expression such as a seep of discharge may be the source. 
Average stream reach concentration exceedances often imply a greaterptential health or 
regulatory issue. 

Chemical concentrations for several compounds in Mmtezuma Creek exceed Certain 
benchmark values as indicated in Table 4.6-5. Overall, Table 4.65 exhibits many 'nondetect' 
reports and much lower concentrations than observed in the upper flow ground-water system. 
Pertinent preliminary observations incluck 

1. In the surface water reach on the millsite (Le., MIUTS), pnmrirmrm concentrations of 
arsenic, selenium, elemental uranium, Ra-226, gross alpha, and gross lbeta exceed 1E-6 
risk or regulatory benchmarks. No concentrations exceed 1E-4 risk benchmarks. 

2. Average surface water concentrations on the &te of arsenic, selenium, elemental 
uranium, gross alpha and gross beta exceed regulatory benchmarks. Arsenic is the only 
compound whose average reported concentration exceeds a 1E-6 risk benchmark. "he 
average arsenic concentration (139.6 &l), however, is considerably less than the 1E-4 
marker (3,700 pg/l). 

3. Within the downgradient Montezuma Creek reach, mmrirmBn concentrations of elemental 
uranium, gross alpha, and gross beta exceed regulatory benchmarks. The average 
concentrations of elemental uranium and gross alpha also exceed regulatory benchmark 
values. No potential human carcinogens exhibit concentrations exceeding 1E-6 excess 
risk benchmarks and there are no compounds that exceed their systemic noncarcinogenic 
effect marker values. 

4. Average Montezuma Creek concentrations downgradient of the millsite exceeding 
regulatory benchmarks include elemental uranium, gross alpha and gross beta. 

5. In the upgradient reach maximum concentrations of elemental uranium and gross alpha 
exceed regulatory measures. The average upgradient gross alpha concentration 
(20.2 pCi/l) just exceeds the 15 pCi/l regulatory benchmark. 

6. The upgradient-millsitedowngradient Montezuma Creek concentration patterns for 
elemental arsenic, selenium, elemental uranium, vanadium, Ra-226, U-234, U-235, 
U-238, and gross alpha and gross beta suggest a source to receptor relationship consistent 
with the conceptual site model. e 
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These smening level findings areconssten ’ twiththeat42historyarnd~thec€mcqJtualsi~ 
model. The data on which these tindings are based d e c t  ~~nditions resulting from the mill 
tailings (e.g., OU I )  serving as a source to surface water. It is eqected that following 
remediation of QU I, Monteplma Creek water quality will improve substanbly. 

In summary, this screening indicates that 

1. Recreational useof surfacewatersin thereach 0x1 theMMlS andin Montezumacreek 
below the site results in a low estimate of potential adv- health risk, This is because 
only one compound consided a potential human carcinogen (arsenic) exhibits concen- 
trations exceeding the 1E-6 excess risk benchmark, and b are no compounds with 
concentrations that exceed systemic noncarcinogenic effect marker values. 

2. Maximum and average concentrations of arsenic, selenium, elemental d u m ,  Ra-226, 
gross alpha, and gross beta e x c e e d  regulatory benchmarks. This indicates some concern 
for regulatory compliance. 

SedimedSoil Along Monteprma Cmek 

According to the site conceptual model (Figure 4-61), surface and subsur€&e sediment/soil 
along Montezuma Creek have the potential to serve as a sou~ce for exposure to humans. 
Subsurface materials have the potential to become surface matexiah because of the active 
fluvial system and the effects of scoufing. On the basis of obsewation and as discussed in 
Section 4.6.1, recreational use is the current and future maximum exposure scenario for lower 
Montezuma Creek. 

Presented in Table 4.6-6 are preliminary human health benchmark concentrations and a 
summary of recent sedimentlsoil sampling and analysis reports for the top &inch sedirnedsoil 
horizon (Note that the top 6 inches is being used as part of the initial analysis, additional data 
will be gathered for the top 2 inches, based on a recommendation of the EI’AG). Comparing 
preliminary benchmarks with the soil data gives an indication of potential human health 
concern. As discussed in previous sections, if a maximum or 95 percent UCL concentrations 
exceed a benchmark, a localized condition is often indicated. When an average sediment/Soil 
concentrations exceed a benchmark, a more widespread condition is often indicated. 
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.. . 

Shaded values iodicate an exceedsnce of the regulatory or risk-bosed beocbmerlr. 
See Appendu C for more detailad explanatioa. 

Inspection of Table 4.6-6 indicates that 

1. Average, 95 percent UCL, and maximum concentrations exceed benchmarks for arsenic, 
beryllium, and Ra-226. 

2. No other benchmark exceedances are noted. 
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Arsenic, beryllium, and Ra-226 occw naturally b the enViranment. ";able 4.67 presents 
typical ranges of these constituents as they oocurin aature. C a p r i n g  the measured 
conoentfations reported in Table 4.66 with cOrreSpOndtng * values in Table 4-67 suggest that 
both arsenic and beryllium are W y  to be natural, but may be slightly elevated above 
background, while Ita-226 is definitely elevated above bacBrgnwuad. These observations are 
consistent with the details presented in Appendix C. MQW~VCX, it should be noted that the 
analysis presented in Appendix C results in more COPCs than illustrated here, because the 
Appendix C analysis, which is based m FPA guidance, assumed a 
and was more rigorous and comprehensive than the discussion in this d o n .  

conservatiVe approach 

'KabataPeodieS1992 \ 

bEiaaobud 1987 
See Appendix C formomdetailed c o y  to- fortbeeeum&lue&. 

On the basis of these assessments, it appears that Ra-226 concentrationS, and possibly arsenic 
and beryllium concentrations, in sedimenthil along Montezuma Creek are elevated With 
respect to typical background concentrations. Ra-226 concentrations correspond to an added 
cancer risk greater than 1E-4. Data were also collected for deeper sedirnenthil (Le., greater 
than six inches below ground1 surface). Although some variatims between the two data are 
apparent, overall the data are comparable and reflect similar health risk profiles. 

Air 

This section presents an assessment, based on preliminary computations, of the potential 
impacts assxiated with airborne contaminants in the vicinity of the MMTS. This information 
wil l  be used to gauge the potential for human health impacts anticipated in OU III. This will 
be completed by assuming that any air pathway related risks in OU III would be less than those 
observed at and around the millsite. This assumption is justifiable in air, and resultant reduced 
concentration, with increasing distance from a source. 
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Table 4.6-8 presents a summary of estimated lifetime excess cancer nisks, and DES computed 
using historical air quality measurements from the millsite ambient air monitoring system. 
The controlling comparison cxi&rion applicable for this informaton are: 

1. The EPA fisk range of 1E-4 t~ 1E-6 cited in the National Contingency Plan (NCP) 
(40 CFR Part 3W). 

2. "he 1OQ mredyear dose limitation recOmmendation from the National Council on 
Radiation Protection (NCRP) WCRP 1971). 

3. The natural and unavoidable radiation dose of 100 to 350 anredyear @ktkmal Academy 
of sciences puis] 1990). 

Table 4.6-8. Preliminary Risk and Efkctiw Dose Equivalent Estimares 
from the Historical Air Measurmm. 

Analytes inctude Ra-226, Th-230, and total uranium (taken M U-238). 
Average is based on the average redionulcide amcentration. 
9S% UCL is based on the upper 95 p e w  confidence h u t  estimete of tbe a v q e  xdomaclide COOC80trsti0 n. 
ASSUlDptIonS: 

0 365dqdyearexposure 

0 30 years continuous exxposure (cancer risk) 
0 Cancer slope factors from IRIS 
0 Radionuclide dose conversion factors from Federal Guidancs Report No. 11 

0 20 cubic meters of air inhaled daily 

As evidenced, all average and 95 percent UCL cancer risk estimates are within the EPA's 
acceptable range. One 95 percent UCL estimate (7E-5 from the background station, which is 
five miles north of the millsite) is within the upper one-third of the range. Additionally, all 
EDE estimates are far below the NCRP's recommended dose limit of 100 m d y e a r .  
Estimated ED&, when compared to the natural radiation dose, suggest millsite-related doses 
cannot be differentiated from background. 
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The monitoring stations were segregated in Table 4.6-8 to p r o m o t e  observance of spatial 
differentiation dose owing to pattenrs of wind dispsim. AWough some variation is evident, 
thereis no apparent significant irregularity in thedata. In 
highest risk is actually assmatd * with the background sampler. k e v e x ,  this observance is 
more related to a computation art3act than measurement cmclusim. In total, the air data base 
contained numerous nondetect (Le., below detection limit) reports. When data are heavily 
censored by nondetecf reports, computational artifacs resulting from substitutiOn of one-half 
detection limit values are common. The lowest estimated risks surd doses are associated with 
station six, located imnmwel . y southwest of the millsite. 

tbe numezidy computed 

The computations discussed above indicate that the air pathway is not a sig&cant contributor 
to OU III human health hazards. This assessment further indicates that no further air 

with 
ou III. 
concentration data wilI be required to address the potential human health risks asoaakd * 

4.6.4 Study D e d i  

This subsection contains information on the data quality objectives, preliminary con taminants 
or concern, assessment program, and analytical program. 

4.6.4.1 Data Quality Objectives 

The general steps of the DQO process described in Section 4.1 w e ~ e  implemented to identify 
specific data needs for the human health risk assessment. Relevant steps of the DQO process 
as it applies to the human health risk assessment are discussed in this work plan as follows: 

Step 1 (State the Problem). The ETAG committee members involved in the DQO scoping 
for the OU III RI, including the human health risk assessment, are the Same as those listed in 
Section 4.5.4.1. 

Problem statements or objectives for the human health risk assessment are the result of 
meetings and consensus between ETAG committee members. The conceptual Site model for 
the human health risk assessment, presented in Section 4.6.1, identifies exposure media for 
which human exposure pathways may be complete. For each exposure medium evaluated in 
the human health risk assessment, one or more specific objectives are identified on 
Tables 4.6-9, 4.610, 4.6-11, 4.612, and 4.613. These objectives are the basis for 
establishing data needs. 

Step 2 ('Identify the Decision). Decisions to be made based on the data obtained are depicted 
as questions under the Decision heading on Tables 4.69,4.610,4.611,4.612 and 4.613. 
In addition, decision flow diagrams were developed for the upper ground-water flow system 
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(Figures 4.6-2 and 4.6-3); surface water and sediment of Montezuma Cre& ( F i i  4.64 
and 4.6-5); soil of Montezuma Canyon (Figures 4.6-6 and 4.6'7); arnd biota qresented by 
cattle that graze in Montezuma Canyon (Figures 4.6-8 and 4.6-9). 

Figure 4.6-2 illwitrat& the conceptual risk asessmmt dezisbn d for the upper ground- 
water flow system. Evaluation of hypothetical future conditions in this framework can lead to 
a decision of acceptable or unacceptable human health risk. As indicated, the figure identifies 
those conditions necessary for a deduction of unacceptable risk. IHtvo variables must both be 
present spatially and temporally in order for an unacceptable risk to be reasoned; thus: 

1. There must be human exposure in accofdance with the assumptions of the exposure 
scenario (conservatively assumed to be domestic use of the upper flow system based on 
acceptable yield assumptions). The more likely future sicenah involve domestic use of 
ground water from the Burro Canyon system or water being supplied by the City 
of Monticello. 

2. There must be a substantive exceedance of a human health risk benchmark. 

Figure 4.6-3 outlines the conceptual regulatory decision d~ for the upper flow system. 

indicate a finding of regulatory impact. The formal and final assessment of ARARs is not 
completed until the ROD (40 CFR Part 300). However, Appendix A presents a preliminary 
evaluation of potential ARARS. For purposes of planning in this work plan, the chemical 
specific benchmarks used in Table 4.6-4 can be considered a preliminary assembly of 
potential ARARs. 

Exceedance of an applicable requirement or a relevant and appropriate - requirementwill 1 

@ 

Figure 4.6-4 outlines the conceptual risk assessment decision scenario for surface water and 
sediment of Montezuma Creek leading to a decision of acceptable or unacceptable human 
health risk. Two variables must both be present spatially and1 temprally in order for an 
unacceptable risk to be reasoned; thus: 

1. There must be human exposure in accordance with the assumptions of the recreational 
exposure scenario. 

2. There must be a substantive exrPPnance of a human health risk benchmark. 

Figure 4.65 displays the conceptual regulatory decision Ecenario for Montezuma Creek. 
Exceedance of a requirement that is applicable, or a relevant and appropriate requirement will 
indicate a finding of regulatory impact. As with the upper flow system, formal and final 
assessment of ARARs is not completed until the ROD. Chemical specific lbenchmarks shown 
in Table 4.6-5 for surface water and Table 4.6-6 for sedirnentlmil can be wnsidered as a 
preliminary assembly of potential ARARs for purposes of project planning 
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Objective: Assess Human Health Risks 

Upper 'Flow System 
After OU1 Remediation 

, 

I Yes 

Explanation 

EDE Effective Dose Equivalent 

RME Reasonable Maximum Exposure 
HQ HazardOuotient 

Figure 4.6-2. Upper Flow System - Fume Use Risk Assemm~ Decision Diagram 
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Objective: Assess Regulatory 'Impact 

I , 
'Upper Flow System 

After OUl Remediation 

Yes 

I 

Yes 
4 

r 

Figure 4.6-3. Upper Flow System - Fwure Use Regulatory Assessment 0 
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N O  

objective: Assess Human Health Risks 

Are Estimated RME 
Excess 'Cancer 
Risks > 1mE-4? 
Are Estimated RME 

Are Estimated 
'Radiological Doses > 
100 rnrernhear ED€? 

Finding of 

,.e* ..\.I . 
Unacceptable Risk 

Explanat ion 

.-. 

8 

\ 

EDE Effective Dose Equivalent 

RME Reasonable Maximum Exposure 
HO Hazard &ahen! 

Figure 4.6-4. Mornema Creek - Fmre Use Risk Assessment Decision Scenario 
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Yes 

Objective: Assess Regulatory Impact 

Figure 4.6-5. Montauma Creek - Fufure Use Regulaory Assessment 
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objective: Assess Human Health Risks 

Finding of Finding of 
Acceptable Risk Unacceptable Risk 

Explanation 

EDE Effective loose Equivalent 

RME Reasonable Maximum Exposure 
HO Hazard Quotient 

Figure 4.6-6. Momezuma Canyon Soil - Current and Flcture Use Risk 
Assessment Decision Scenario 
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Objeaive: Assess  regulatory Impact 

1 , , ~ O n t e Z U m i ; ~  soil; I 
After OW iRemediation 

I !  

$ ................ ... .... .... ..... . ..... ... .......... . .......... ' .............. t 

I 

Yes 
d 

iI NO 

egulatorylrnpact , , 

Figure 4.6-7. Montema Canyon Soil - Cumem and I;tmue Regulatory Assemnent 
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Objective: Assess Human Health Risks 

.: - . 3  

Biota; 
After OUl 'Remediation 

/ No 
Humans 

Exposed in Accordance 
with the Underlying 

Assumotions 

Are Estimated RME 
Excess Cancer 
Risks > 1E4? 
Are Estimated RME 

Are Estimatedl 
Radiological Doses 
1'00 mremyear ED 

. 

Finding of Finding of, 

.......................................................... ...................................................... 

Explanation 

EDE Effective Dose Equivalent 

RME Reasonable Maximum Exposure 
HO Hazard Ouotient 

Figure 4.6-8. Biota - Current and Future Use Risk Assessment Decision Scenario 
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Objective: Assess Regdatory Impact 

yes 

' I  

Montezuma Creek 

Relevant and Appropiate 
Chemical Specific 

I '1 No 
Finding of Finding of No 

Figure 4.6-9. Biota - Current and Funire Use Regulatory Assessment 

_f' s 
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Figure 4.66 outlines the conceptual risk assessment decisbn d o  far soil of Montezuma 
Canyon leading to a decision of acceptable of unacceptable human health risk based on the 
following two variables: 

I. must be human exposure in aocordan~e with the assumptions ofthe recreationat, 
agricultural, and residential Scenarios. 

2. There must be a substantive exrpprlance of a human health risk benchmark. 

Figure 4.6-7 displays the conceptcliil regulatory decisicpn d for buman exposure to soil h 
Montezuma Canyon. Exaxdance of a requirement that is applicable, or a devant and 
appropriae requirement (Le., human health benchmarks shown in Table 4.6-4) will indikate a 
finding of regulatory impact. 

Figure 4.6-8 outlines the decision scenario for biota e~rposure media represented by cattle that 
graze in Montezuma Canyon. The two variables that must be present for an unacceptable risk 
to be reasoned are as follows: 

1. There must be human exposure in accordance with the assumptions of the 
agricultural scenario. 

2. There must be a substantive exceedance of a human health risk benchmark. 

Figure 4.6-9 shows the conceptual regulatory decision scenario for human exposure to cattle 
that graze in Montezuma Canyon. Exceedance of a requirement that is applicable, or a 
relevant and appropriate requirement (if one can be established) will indicate a finding of 
regulatory impact. 

Step 3 (Identify Inputs bo the Decision). Inputs to the decisions (shown on Tables 4.69, 
4.6-10, 4.6-1 1 ,4612,  and 4.613) include existing and new sample analytical data, ground- 
water flow and solute transport modeling results, and future land and water use information. 
Analytical detection limits for existing and new data are included under inputs because they 
must be considered when determining adequacy of data for decision making. Sources of data 
inputs as well as sampling and analytical techniques used for existing and proposed samples are 
also referenced in Tables 4.6-9, 4.6-10, 4.611, 4.612, and 4.6-13. 

To support a decision of potential unacceptable risk in the hypothetical future risk scenario for 
ground water, additional information is needed to assess whether and when human exposure 
will occur and to evaluate what the chemical specific concentration profiles over time will be. 

The following additional information describing population dynamics is needed: 

0 Assessment of expected growth pressures in the Monticello area and resultant planned use 
of the study area for residential use in the next 50 years. 
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Expected demands for u p p  flow system ground water in the study area to support 
domestic use in the next 50 years. 

An evaluation of chemical specific amcentration pfiles is necessary topedorm a future use 
quantitative risk assessment. As discussed elsewhere in this work plan (Task 6 Ground-Water 
Modeling), a ground-water and solute-transport mod% will be used to estimate the effects on 
upper flow system chemical concentrations resulting from mnednt~ * 'onofOUI. Oneoutput 
from this model will be concentration versus time pfiles that can be d as input to risk 
assessment equations (Section 4.6.3). Figure 4.&10 is an example! of concentration and risk 
profiles over time as they could be presented in the BRA. 

For surface water and sediment, information must be provided to establish whether, and when 
human recreational exposure wil l  OCCUT, and the chemical sj~@Sc Concentration profiles over 
that time frame. 

There is gaud certainty in assuming that Montezuma Creek east of the MINIS will be used for 
recreational purposes because this is its current use. There is less certainty that the reach of 
Montemma Creek through the MMTS will be used for recreational purposes. Overall, the 
greatest uncertainty stems from assuming that recreational use will be the only use of 
Montemma Creek. Thus, information should be produced to address development of 
Montemma Creek for uses other than recreational including: 

e 8 
Expected growth pressures in the Monticeklo area and resultant planned uses of 
Montemma Creek including domestic supply. 

0 Montezuma Creek use attainability based on hydrologic viability of the 
upstream watershed. 

As discussed elsewhere in this work plan (Task 6 Ground-Water Mauieling), a ground water 
and surface water solute transport model will be used to &mate the effects of remediation of 
OU I. One output from this model will be concentration versus time profiles that can be used 
as input to risk assessment equations (See Figure 4.610). Data use objectives for solute 
transport modeling are identified in Table 4.69 and are discussed later in this section. 
Sampling data will be obtained for potential contamination of cattle (Section 4.6.4.3). 

Data action levels are the input criteria upon which the decision making is based. Data action 
levels referenced on Tables 4.69, 4.6-10, 4.6-11, 4.6-12, and 4.613 include background 
chemical concentration thresholds, preliminary human health benchmark concentrations, 
ARARs, and radiation dose limits established under DOE order 5400.5. 
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Step 4 ( D e f i i  the Study Bc~undaries). The spatial and temporal b\llldaries of investigative 

Bounfies in Tables 4.6-9,4.6-10,4.6-11,4.6-12, and 4.6-13. 
9 activities for the human health risk assessment are identified under the b e  Study 

For the upper grout&water flow system, the iboundaries ameqmd with that portion of the 
system where ground water could be accessed fa domestic use. As hiicated on Table 4.66, 
these are defined as: 

0 The upper flow system above the l w y e a r  f l q  mde.rlying the approximate area 
east of Highway 191, through the MMTS, and proceeding east of the MM"s to the 
locale where Montezuma Canyon MITOM. This area is comparafvely flat and could 
support construction of a residence. ~astward into the canyon is not suitable for such 
construction because of limited access and lack of suitable amtmct~ 'on areas above the 
lWyear  floodplain. 

8 As discussed in Section 4.2, the reasonable time required f a  mmdnckd * rateusewillbe 
determined. ahis time frame will be investigated during the modeling exercise to 
determine if it adequately profiles con taminant dissipation after remediation of the 
MMTS, provides an ample time window to considex long term development in the area, 
permits an adequate number of years for regulatoq review under CERCEA (required at 
least every 5 years), and is compatible with any supplemental standards or ARAR 
waivers that may allow contaminants to be left in place at other locations above risk- 
based levels. 

For the Montezuma Creek system, the lboundaries carespond with that portion of the surface 
water and sediment that could be accessed for consumption through d o n a l  use. As 
indicated on Table 4.610, these are defined as 

e The reach of Montezuma Creek from Highway 191 to approximately 0.5 mile below the 
confluence of Vega Creek. 

@ As discussed in Section 4.2, the reasonable time required for unrestricted rate use will be 
determined. This time frame will be investigated during the modeling exercise to 
determine if it adequately profiles contaminant dissipation after remediation of the 
MMTS, pennits assessment of then first available potential generation of exposed 
populations, provides an ample time window to consider long term development in the 
area, permits an adequate number of years for regulatory review under CERCLA 
(required at least every 5 years), and is compatible with any supplemental standards or 
ARAR waivers that may allow contaminants to be left in place at other kcscations above 
risk-based levels. 

Step 5 (Develop a Decision Rune). This step integrates the decision and data inputs resulting 
in statements of alternative actions. 
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A finding of appmiabk risk, as illustrased on Figures 4.62,4.6-4,4.66, and 4.68, requires 
that (1) human expsure occufs (or is reasonably W y  to OCCUT) and (2) exposure 
concentrations generate multipathway risk estimates exceeding 1E-4, HQ's greater than 1.0, 
or EDE's in excess of 100 m d y e a r .  The following decision rule accompanies the above- 
referenced figures. 

Step 6 (Limits on Ikisim Errors). The purpose of this step is t~ help ensure that the quality 
of data is appropriate to make confideat decisions. confiderace in decision making relating to 
sampk size is discussed below. 

The decision fhnework as developed in Figure 4.62 is based 0111 n d c a l  modeling results 

environmental modeling results have been addressed in a guidance arpd specification document 
published by the International Atomic Energy Agency entitled EHaluating the Reliability of 
Predictions Made Using Environmental Tranrfer ModeLr (IAE4 1989). Human health risk 
analysis is also a form of modeling and it is subject to uncertainties, including those arising 
from variation in the exposure input parameters. Thus, there are two sources of error in the 
overall comparison decision method. 

and is subject to uncertaintieS in the model concentralion estimateS . umertaml - . e s i n  

In general, different combinations of human exposure factors (e.g., intake rates, exposure , 
durations, etc.) can produce about a factor of ten variability in risk estimates. For example, a 
mean risk estimate of 1E-5 (excess cancer) could vary from 1Ed to 1 E 4  by varying 
exposure factors within their envisioned ranges. It is sensible that estimated exposure point 
concentrations from modeling should contribute no more than a factor of ten to the overall risk 
estimate. Thus, ground-water modeling concentration estimates that are within an overall 
factor of ten of the measured concentration range of a target will not increase 
the uncertainties. 

Acceptable ground-water concentrations for use in the human health risk assessment process 
should smve to conform to the following: 

Concentration estimates acceptable range = 

Lower range measurement / 3.33 
Upper range measurement * 3.33 
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This is illustrated in Table 4.614. 

When expressed in this manner, modeling uncertainties are treated similar to the uncertainty in 
other measurements such as analytical results from sampling. This approach to establishing 
limits on decision errors stemming from modeling and exposure factors is analogous to 
establishing bounding statistical performance objectives recommended in EPA guidance on 
Data for Data Usabiliry in Risk Assessment (EPA 1992b). 

Analogous to the upper flow system, the decision framework developed in Figures 4.64 
and 4.6-5 is partially based on ground-water modeling results to predict surface water 
concentrations, and is subject to uncertainties in the model concentration estimates. There are 
two sources of error in the overall comparison decision method: (1) exposure variables, and 
(2) the accuracy of modeled exposure concentration profiles. 

It is sensible that estimated surface water exposure point concentrations from modeling should 
contribute no more than exposure factor variables. Thus, Montezuma Creek modeling 
concentration estimates that are within an overall factor of 10 of the measured concentration 
range for target reaches should not generate any more error than the error inherent in the 
exposure factors. 

Acceptable surface water concentrations for use in the human health risk assessment process 
should strive to conform to the following: 

Concentration estimates acceptable range = 

Lower range measurement / 3.33 
Upper range measurement * 3.33 
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Surface water CoILcentratiOn estimates should be wi?hin a factor of ten of the observed 
measured range for the baseline existing case. 

Table 4.614 present?: an e~a~npk Of this approach. 

Thisapproach t c e s t a b ~ g ~ t s a n  decision ern#s stemming from modeaing and exposure 
€&.on is analogous to establishing bounding statistical ped- objectives recommended 
in EPA guidance on Datafor Dara Usabiliry in Risk A s s m n t  @PA P992b). 

Step 7 (Optimize the Design for Obtahhg Data). The optimized design for the OU IXI 
human health risk assessmenf investigation is presented in this Work Ph. 

4.6.43 ad& of P o t d  con- 

This section summarizes the chemicals identified as CQPCs for human health. COPCs are 
identified for human health in accordance with ITA w o n  8 +ce presented in 
Evaluating and I&mBing t 3 m r n . m  of Oneern for Human Health (EPA 1994a). A 
detailed description of the COPC scfeening process used for QU ID[ is provided in 
Appendix E. 

The COPC identification process used for OU ID parallels EPA National Guidance 
@PA 1989c) as well as that of EPA Region 8 (EPA 1994a). The key considerations factored 
into the identification include: Role as essential dietary nutrients, comparisons to background 
levels, and comparison to health protective benchmark concentrations and potential 
regulatory criteria. 

For OU III, the COPC identification process is being conducted in two phases. Phase I, 
implemented during Work Plan development, uses consewatbe Screening techniques. COPCs 
identified in Phase I form the basis for the RI chemical analysis program. Phase I of the 
process is generally conservative, and therefore, the list of COPCs identified during Phase I 
probably includes more chemicals than are neceSSary to characterize the human health risks 
associated with OU III. The list will be refined during Phase II of the identification process. 
Phase I1 will be implemented following receipt and interpretation of RI field and analytical 
data. An important contribution to Phase II will be incorporation of data collected from the 
reference area. COPCs resulting from the Phase II effort will form the basis for the human 
health component of the baseline risk assessment. 

The COPCs for human health identified on the basis of the Phase I Screening process are listed 
in Table 4.615. As shown, COPCs for human health are identified for the upper ground- 
water flow system, Montezuma Creek surface-water system, and Montezuma Creek 
sedimentlsoil. As discussed in Section 4.6.3, preliminary computations performed using 
historical site air quality data indicate that risks associated With the air pathway are Within 
acceptable limits; thus, no COPCs have been identified for air. 
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4.6.4-3 Assessment Program 

The data needed to assess risk to human health is already available, will be collected during 
annual monitoring, or will be gathered to support the ecological risk assessment. One possible 
exception to this is the data needed to assess risks to humans resulting from the ingestion of 
cattle tissue. The CSM indicates that ingestion of cattle tissue is a complete pathway. DOE 
may propose a cattle sampling program to assess exposure comparison between off-site and on- @ site d y t e  concentrations in tissues if uncertainties in the rik & remediation assessment are 
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unacceptable to support the decision pmcess. Specifically, if the d t s  ofthe RuFS suggests 
that no action is warranted, DQE will reevaluate the need 
with the sail and sediment pathway including d d o n  of k e f  tissue as appropriate. If DOE, 
in colljunction with the ESA and the State, determrne * that sampling is warranted, statement of 
work and sampling procedures will be documented as a Program M v e  that will become an 
addendum to this Work Plan. 

furher assess risk associated 

Soil, sediment, surface water, and ground water will be collected and analyzed for metals and 
radionuclides to support the HHRA. Tables 4.616 through 4.618 lists the COPCs identified 
in Table 4.'615, the method of analysis, and the method detection limit for soil and sediment, 
surface and ground water, respectively. When a chemical (such as aluminum) has been 
identified as a CQPCs in one medium (ground water) it becomes by default a COPC in the 
other media: soil, sediment, surface water, and cattle. The MDLs listed in these tables are 
those which, on the basis of the preliminary HHRA, must be achieved so that the analytical 
data are adequate for human health risk assessment use. 

Trzble 4.61 6. Soil and Sediment Analytical Parametem, Aiethods of Analysis, 
and Method Derecrion Limits 
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lJnmhm-a 

Udum-235 

I.Jlmium-23$ 

T d l e  4.6-17. Su#bce-Waer and Gmund-WaterAna€ytid Panametern, 
Methuds of Analysis, and Method Detection Limits 

I 

8 

EPA SW-846 6020 1.0 

EPA SW-846 6020 1 .o 
EPA SW-846 6020 1.0 
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Table 4.6-17. S14face-Water and Gmd-Water Antalytical Parameters, 
M e . t r n  of Analysis, Md Methad Detecnosl - Linlb(a&) 

b 

I up C8IlyOQ h W l l  CanJ'OQ Reference Ama LQCd 
I 

Muscle 3 3 3 3 

Liver 3 3 3 3 
I 

2 

a 

In addition to the metals and radionuclides COBcs, knowledge of the naturally Occurring , 
radionuclides K-40 and TH-232 (radionuclides that are not part of the uranium decay series 
and not a component of uranium ore) of soil and sediment are required to determine 
background radioactivity. 

Samples of soil, sediment, and surface water, and ground water will be submitted to the GJPO 
Analytical Laboratory for analysis. The CLP methodologies will be the primary 
methodologies used for metals analyses in soil, surface-water and ground-water media. When 
TBVs require MDLs less than what can be achieved by CLP-RAS, then other EPA methods 
(i.e., SW-846) are substituted. Data deliverables will be similar to CLP-WAS. 

Radionuclide analyses of samples collected in sediment, soil, surface water, and ground water 
will be by the GJPO Analytical Laboratory's standard methods and procedures. The analytical 
technique used to measure each of the radionuclide activities is presented in Table 4 6 1 8 .  

Table 4.618. Number of Beef Tissue Sampler for the Hurnan Health Risk Analysis 

Acceptance criteria for laboratory analyses, including calibration of laboratory equipment and 
internal laboratory QC checks (Le., reagent blanks, duplicates, matrix spikes, matrix spike 
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a duplicates, etc.) are specified by the analytical method. Dacumeatation is maintained fix all 
analytical results as a means of supparting reported results and khtQing poteatid causes for 

detection limit, requiremats for sample containers, sample volume, presmdcm, and 
holding times. 

measuremenf problems. The FSP lists for each media the detemmb * '011methOd,method 

During analytical data review it will be verified that the laboratan 'es pdormed the methods 
requested and followed method QA/QC. The data wil l  be validated by reyieWing raw data 
and supporting field and laboratory information to determine if they are of adequate quality for 
their intended purposes. Verification and validation forms wil l  be prepared as a means of 
documenting the review process. 

Ground-water modeling will support the ecological and human health risk assessments and 
predict the length of time required for COPC concentrations to dilute by hydrodynamic 
dispersion to levels that are protective of human health and the environment and meet the other 
reference criteria (MCLs, ARARs, background concentrations, risk-based ccmcentrations, and 
other TBC criteria). Modeling will support the risk assessments by predicting future apsure 
point concentrations of selected COPCs in surface water and ground water. If risks to 
human health or the environment are excessive or the predicted time required for COPC 
concentrations to meet the reference criteria is deemed unreasonable by DOE, EPA, and the 
State, then modeling will also be used to support evaluation of response action alternatives 
under the FS. 

Ground-water modeling results will also be used in the risk assessment to establish metals 
cleanup criteria for millsite remediation. The criteria will be established by predicting source 
term for the selected metals at the millsite for which predicted exposure point concentrations in 
surface water and ground water pose acceptable human health and the environmental risk. 
Source term is a known or estimated concentration of one or more contaminants in surface OT 

ground water at a specific location. The actual source of the contamination may be leachate 
from unsaturated soils, dissolution of contaminants within saturated soils, leakage of solute 
from a man-made structure, or even natural background concentrations of con taminants from 
precipitation or upgradient ground-water sources. In addition, the hydrogeologic conceptual 
site model' will be refrned if it is determined during the modeling pfocess that refinements 
are necessary. 

Modeling will be accomplished through development and application of a MODFLOW/lW3D 
ground-water flow and transport model. This model was selected because saturated ground- 
water flow is the primary flow and transport process within OU PII. MODFLOW and MT3D 
have been proven to be effective codes for modeling two and three-dimensional saturated f b w  
and transport, respectively. In addition, a onedimensional variably saturated flow and 
transport model, HYDRUS, will be used. HYDRUS model results will p r o v i d e  an estimate of 
source term input to the MT3D code. Modeling results will provide direct predictions of 
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COPC COlIlcedltratons in ground water. Future concentrations in w r f b  water will be 
estimated using specific stream cell output from the model. 

Ground-water modeling has two Primary objectives that are to (1) predict future exposure 
p i n t  concentrations of select C O P 0  in surface water and ground water and1 (2) predict the 
time required far exposure point concentrations of selezt COPCs in surf&ce water and ground 
water to dilute by hydrodynamic w o n  to levels that rneet the derence Criteria. In 
addition, modeling will also be conduded to accomplish three semndaq objectives including 
to (1) predict exposure point concentrations based on varying source terms far select metals 
remaining at the mibite aftea remediation, (2) predict exposure point concentrations for"selezt 
COPCs in surface water and ground water for respnse action alternatives, and1 (3) support or 
potentially conlirm the validity of the hydrogeologic conceptual site model and, if necessary, 
refine the model. 

The DQO process was used during the Scoping effort far ground-water m d e h g .  The DQO 
process was used to identify decisions to be made on the basis of model results, identify the 
data needed to accomplish model objectives, define geographic and temporal boundaries, and 
to assess the uncertainty associated with model results. 

The decisions to be made on the basis of model results were formulated based on the objectives 
listed above. However, formulation of decisions specific to the model was not warranted for 
the modeling objectives that involve direct support to other OU 
assessment studies [primary objective 11 and for evaluation of response action alternatives 
[secondary objective 21). The following decisions were formulated for the remaining 
three objectives: 

0 tasks (i.e., support for risk 

e At what point in time are exposure point concentrations in surface water and ground water 
predicted to dilute by hydrodynamic dispersion to levels meeting the reference criteria. 

8 Will metal concentrations in sedirnentlsoil remaining at the millsite after implementation of 
the ROD for OUs I and ][I be protective of surface water and ground water? 

8 Do model results support the current hydrogeologic conceptual site m d e l  for OU ID? 

The DQO process was also used to identify the data needed to ensure that modeling objectives 
can be accomplished. The data needed were grouped into four general categories: (1) data 
needed to develop a hydrogeologic conceptual site model, (2) data needed to understand the 
current distribution of chemical constituents in surface water, ground water, sediment, and 
soil, (3) data needed as direct input to the model, and (4) data needed to assess model results. 
The degree to which existing site data could be used to address the needs in each category was 
evaluated by assessing the quantity and quality of existing data and the spatial and temporal 
distributions of the data. Following an evaluation of existing data, new data to be collected in 
support of the ecological and human health risk assessments were reviewed to assess how these 
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0 data could be used to support existing data and address any of the Pemaiaing data needs. The 
evaluation of existing data and review of proposed new data d t e d  in the following findings: 

Q An adequate hydrogeologic conceptual site mode4 can be devedoped on the basis of existing 
site data. The hydrogeologic conceptual site model is discvssed in Section 4.7.3. 

Q A sufficient mount of existing data is available to describe distributions of chemical 
constituents in surface water and ground waterwithin OU III and in soUsediment at the 
millsite. Additional data are needed to adequately assess the distribution of chemical 
constituents in soil/sediment in the focused study area; however, these data will be 
obtained under the study designed for ecological risk ascsment. The use of existing and 
new analytical data in relation to source term  emm mat^ OnSiSdi scussed  in 
Section 4.7.8.1, and the data to be used to supp~rt traqxxt mod% calibration is discussed 
in Section 4.7.9. 

. .  

Most of the data needed for model input can be provided by existing data. Some additional 
data will be needed to address specific paramem. Most of these additional data will be 
obtained from available literature. However, some new sitespecific data will be required. 
Specifically, discharge measurements are needed to assess poteatial leakage from Hall's 
Ditch and sieve or retentioncurve data are needed to estimate soil Praperties. Data sources 
for model input parameters are discussed in Sections 4.7.6 through 4.7.9. 

The geographic area within which model decisions will apply is defined by the model domain. 

predictions will extend from the time that millsite remediation is completed to a specified time 
(e.g., 70 years) after millsite remediation. The model will be developed using site data 
obtained over the past 10 years; however, an emphasis will be placed on data gathered during 
the initial stage of the OU III FU (see Baseline characterization Data Summcuy, DOE 1994b). 
Greater emphasis will be given to baseline characterization data because these data have been 
reviewed with respect to field procedures, analytical methodologies, and analytical raw data. 
The older data have not been reviewed in an equivalent manner. 

@ Model domain boundaries are described in Section 4.7.5. The time frame for model 

The uncertainty associated with model results was also considered during the implementation 
of the DQO process. Model uncertainty is very difficult to quantify because modeling results 
are dependent on complex interactions among numerous estimated variables. It is generally 
presumed that model uncertainty can be minimized by increasing model complexity 
(refinement in the discretization of space and time). However, resource requirements also 
increase as the model becomes more complex. Therefore, a balance must be reached between 
the degree of complexity used to minimize uncertainty and the de- of complexity required 
to represent flow and transport processes at the site. 

As a result, model uncertainty is commonly evaluated on the basis of qualitative assessments. 
Attempts to minimize model uncertainty generally involve an assessment of the quality of data 
to be used as input to the model. These assessments typically include evaluating the 
procedures followed to collect and analyze the data to be used as input parameters. Model @ uncertainty is also assessed during model calibration, which serves as a means of measuring 
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thepredi&uncertatn ' ty of r n d  output. In addition, sensitivity analysis can be used as a 
means of d g  the impact of input variability/mdty. 

Attempts to minimize the unccrtahty assocliited * withnaodelresultsfolrQUIIIfocusesm 

sufficient fix modeling and in acmrdance with established collecth and analysis procedures. 
The use of existing data to support the model is further discussed in Sections 4.7.6 through 
4.7.9. After the modes has been developed, the uncxxlainty of predicted results will be further 
d on the basis of calibration results. Sensitivity analysis will be performed to assess the 
impact of inpd variability/uncertainty. 

ezlsuring that the existing site data to be used as lmxlel input wexe obtained at locations 

If the DOE, EPA, and the State determine that the uncertainty of model parameters and 
outcome need to be quantified to support a defensible decision, the use of MODFLOWP, 
a parameter estimating version of MODFLOW, may be initiated. MODFLOW performs 
statistical calculations that q m t @  uncertainty assoclsLted ' with model parameters. 

4.7.2 Technical Appm& 

The ground-water modeling technbl approach was designed with the concurrence pf the EPA 
and State and consists of the following general steps: 

1) Define modeling objectives. 
2) Evaluate conceptual model. 
3) Estimate water budget. 

4) Define model domain, select numerical model d e s ,  and procurement of materials. 
5 )  Develop numerical flow models (HYDRUS and MODFLOW). 

6) Conduct initial flow simulations, calibration and sensitivity analysis. 

7) Develop numerical transport models (HYDRUS and MT3D). 
8) Conduct initial transport simulations, calibration and sensitivity analysis. 
9) Conduct .find transport simulations and evaluate range of outcome (quantitative 

and qdtahve). 
10) Document results during and at conclusion of modeling effort. 

Steps 1,2, and 4 have been completed. Some of these tasks and each of the remaining general 
tasks include specific subtasks that are discussed in the following sections. The development 
of the numerical flow and transport models, for example, are among the most laborious tasks 
and include subtasks such as code selection, grid and boundary condition development, and 
parameter estimation. This work entails significant data reduction, compilation, and 
interpretation. Some technical details of the ground-water modeling task are not introduced 
because of the high degree of uncertainty assaciated with what is or is not feasible to model - 
on the basis of the conceptual model. For instance, an initial selection of model boundary 
conditions will be presented but may require modification or simplification as the modeling 
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task progresses because of changes m the conceptual model, and/or to overcome difficult, @ unforeseen complexities of the beloped numerical m-. 

Step 9, the evaluation of the range of outcome far the final transgart simulations, will allow 
the DOE to involve the EPA and State in the evaluation ofthe m d e h g  results prim to the 
final documentation step. 

Data are scheduled to be collected during the ecological sampling task ( S d o n  4.5) and will 
be used to supplement and strengthem the reliability of some of the model input parameters. 
The types of data that will be used to support ground-water modeling, whethex compiled and 
analyzed or collected, are presented in Sections 4.7.6 througb 4.7.9. 

Finally, an inherent assumption under the ground-water modeling task is that remediation 
and/or restoration of the MMTS does not result in any significant changes in the hydrologic 
and hydrogeologic processes at the site. 

The overall performance and accuracy of the numerical model will depend upon the accuracy 
of the site conceptual model and the accuracy of estimated parametem required for model 
input. The following conceptual model is considered the best interpretation of data to date. 
Model calibration may require refinement of, andor significant changes to, the conceptual 
model. Also, variations of the conceptual model will be evaluated during sensitivity analysis. 
The hydrologic data that have been collected on-site to date and support the hydrogeologic 
conceptual model of the MMTS include geologic mapping, hydrologic mapping (surface water 
features), stream-flow measurement data, climatic data, drill-hole lithology, ground-water 
Occurrence (water levels), ground-water sampling and analysis results, and hydraulic 
characteristics data from installed monitoring wells. Other more specific data collected on the 
Near South Site and Far South Site also contribute to the conceptual model of the MMTS 
(see DOE 1993a, DOE 1994b). Section 2.4 of this document, Hydrologic Setting, discusses 
in detail the hydrogeology and surface water characteristics of the MMTS. Section 2.4 and 
documents cited therein, are the basis for the current conceptual model. 

The conceptual model focuses on the overall performance of the hydrologic system at the 
MMTS with specific regard to flow direction, relative flow magnitude, and contaminant 
transport behavior. Discussion has been separated into the general topics of surface water, 
ground water, and contaminant transport. The ground-water section has been further divided 
into unsaturated flow and saturated flow. The concepfualhtion of the primary flow paths at 
the MMTS includes a partial discussion of field data and observations that support the 
conceptual model interpretation. Figures 4.7-1 and 4.7-2 are genedkd hydrogeologic cross- 
sections depicting the primary flow paths and processes at the MMTS. 

Finally, the general procedure for estimating a water budget for the MICIS is presented. The 
water budget calculation could result in modifications and refinements to the hydrologic @ conceptual' model of the m s .  
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Figure 4.7-1. Generalized North-South Cross Section of MAdlS, View Looking West 
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Figure 4.7-2. Generalized Easr-West Cross Section of AUMTS, View Lmking North a 
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4.73.1 Surface Water ~ Q W  

The primary so- and processes of surface flow include precipitation, higation, runoff, 
infiltration of precipitation (areal recharge), evapotranspiration 0, surdace water inflow and 
outflow from streanas, seep and spring flow, and stream-aquifer loss and gain. Although it is 
intended to use a net areal recharge in the numerical model, a amaphd understanding of the 
components of net recharge, precipitation and evapotranspiration is warranted to more fully 
understand conceptual flow processes. 

Precipitation in the Montido area averages almost 15 inches per year Cm./yr) (Utah climate 
Center 1994). Of this amount, it is estimated that from 0.25 in/yr (1 x I@ cmlsec) to 

based on a soil chloride analysis from soils OII the Near South Site (DOE 1994a), and the 
larger estimate is 10 percent of the average annual precipitation, an arbitrary approximated 
upper boundary. Direct recharge to exposed rock units is probably proportional to the amount 
of average winter precipitation (from October 1 through April 30). It has been estimated that 
the threshold for the initiation of recharge to exposed rock is 8 Wyr of Winter precipitation 
(Freethey and Cody 1991). M o n t i d o  receives approXimately 8.9 k/yr of winter 
precipitation (Utah Climate Center 1994). This implies that recharge to surface exposures of 
bedrock units is minimal in the immediate vicinity of Monticello. However, at the higher , 
elevations to the west, near and in the Abajo Mountains, recharge to exposed bedrock is 
expected to be greater. 

1.5 d y r  (1.2 x lo' cdsec) infiltrates the alluvial soils as recharge. The smaUer estimke is 

Approximately 2.5 acre-feet per acre per season (30 in/yr) of irrigation water is applied to hay 
and alfalfa fields on the MMTS vicinity properties immediately east and north of the millsite. 
Dry land farming of wheat on the Near and Far South Sites probably decreases recharge to 
shallow ground water in these areas during the growing parts of the year and potentially 
increases recharge during the nongrowing season because of water ponding in furrows and 
eventually infiltrating instead of running off. On the basis of quoted ET rates 
(Andrews 1994), it is estimated that 30 to 40 in/yr of irrigation water is applied to private and 
public lawns in the town of Monticello. 

ET in the Monticello area is estimated to be 43.8 h/yr (pan evaporation rate of 42.7 in/yr) 
(NRCS 1994). Consumptive use for area crops ranges from 22 to 34 in/yr depending on 
location (Andrews 1994). Because of these high rates, ET is expected to play a major role in 
the hydrological system. The lack of persistent, widespread seeps or springs in exposed 
Dakota Sandstone and Burro Canyon Formation indicate that ET may be an important process 
in removing ground water from these units in areas where the formations form ledges and cliff 
outcrops such as those in Montezuma Canyon. 

surface water at the MMTS consists of the generally perenntal stream, Montezuma Creek, and 
associated in-stream ponds, several seeps and1 springs, Hall's Ditch, and Sutherland's Pond 
(Figure 2.4-2). Large surface water bodies in the vicinity of the MMTS include Eoyd's Lakie 
Reservoir, on the South Creek drainage to the west, and municipal water treatment lagoons, 
located north of lower Montezuma Creek, 
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The most consistent source to Montezuma Creek is in-stream base flow entering the site at the 
west boundary, near Highway 891. 'khe amount of in-sirearn flow entering the site is 
dependent on Loyd's Lake Reservoir releases and ledage, runoff from the North Creek and 
South Creelr watedsheds (downstream from the T-Oyd's lake dam), and any inflow or gain of 
ground water over the North and South Creek reaches. htud dam rdeases seldom c8ccur 
(only once, in the Spring of 1993, Since the dam was built in 1985). Leakage, expressed by 
outfall from drain pipes at the toe ofthe reservoir, is relatively smaU (a -t in 
November 1994 yielded a flow of approximately 0.024 ds [la am]) at the toe of the dam. 
Water is diverted from Monkzuma Creek into Mall's Ditch west of Highway 191. Hall's 
Ditch is contained in nonwatertight pipe under Highway 191 and thraughout its entire reach 
across the northwest portion of the millsite. The ditch is open from where it exits the miUsite, 
north of the vanadium tailings pile, to its end, approximately 0.75 d e  north of the millsite. 
It is likely that some leakage occurs from both the piped and unlined portion of Hall's Ditch. 
However, the amount of ditch leakage and consequential recharge ts the ground-water system 
is intermittent, occurring mainly in Spring and early Summer. Also, the conveyance capacity 
of the ditch is estimated to be approximately 1 cfs. The potential leakage and consequential 
recharge to the ground water systems is therefore considered minimal in comparison of other 
sources of recharge. Nonetheless, the estimated recharge from Hall's Ditch will be included in 
the water balance estimate. 

On the basis of surface stream discharge (flow) measurements, the interaCton b e e n  
Montezuma Creek surface water and ground water appears to be complicated (stream flow 
measurements were conducted during 1993 and 1994 and will continue to be conducted at least 
through completion of the OU III ROD). As stated in Section 2.4, only some reaches of 
Montezuma Creek on the MMTS Seem to exhibit a consistent gain (exfluent) or loss (influent) 
condition. Other reaches are sometimes gaining and sometimes losing. An obvious 
correlation between geologic facies and stream loss or gain is not apparent. To further 
investigate stream-aquifer interaction, analysis is being conducted to determine the relationship 
among stream flow rates, ground-water levels, and precipitation events. 

Conceptually, precipitation, stream flows, and ground-water levels in the upper flow system 
are dynamically interrelated and interconnected. For example, during high runoff periods 
during or after a short intense precipitation event, stream loss may be associated with stream 
bank storage and the escalation of ground-water levels, whereas stream gain may be associated 
with a subsequent storage depletion period and a decrease in ground-water levels. Both lateral 
and vertical flow of surface water to adjacent and underlying ground water is associated with 
bank storage conditions. Vertical flow or leakage ffom the stream channel into underlying 
unsaturated alluvium and/or bedrock is associated with stream loss between storm events or 
during base flow conditions. Montezuma Creek between stations W-4 and SW92-06 (the reach 
immediately downstream from the millsite) is the only reach showing a slight loss in flow 
(equal to or greater than 0.1 cfs and less than 1.0 cfs) during base flow conditions (October 
1994). Slight gains during this same measurement period occurred between Stations SW92-02 
and SW92-03, possibly from surface runoff from the North Drainage; Stations SW92-05 and 
W-4, possibly due to leakage from a stock/agriculture pond (located lbetween these stations) 
that existed at the time; and Stations SW92-06 and sorenson, possibly due to constriction of 
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theallWvalley, dischge b m  the lower Dakotasandstoneand upper Burro Canyon 
Formation, and/or leakage from Sutherland's Pond (see F&ue 3.4-2). A notable gain 
(approximately 1 cfs) from station SW94-01 just downstream from the Vega Creek confluence, 
to station "Monteplma Canyon," approxunatel ' y 5 miles further downstream, occurzed during 
this measurement peiod. Because of the lack of seeps and springs in the Dakota Sandstone 
and B m  Canyon Formation, this gain iS attributed to discharge of ground wakr from the 
Brushy Basin and Saltwash members of the Morrison Formation and/or runoff from tributaries 
intersecttn - gthecanyoninthisarea. 
The notable seeps and springs in the area generally 0ccur 011 the hillslope north and east of the 
millsite. Some seepage has been observed in places on the hanks of Montearm Creek, and1 
one major spring (Slade SpMg) is located on the north bank of Montezuma Creek near the 
BLM compound. The Pehrson 1 and Clay Hill seeps, and Goodknight Spring, Adams Spring, 
and Slade Spring g e n d y  exhibit perennial flow (during year of lW), whereas the pehtson 
2 and Upper North Drainage seeps exhibit intermittent flow. None of the seeps have 
developed channels; diffuse flow occurs ova narrow to broad areas and is difficult to quanti@. 
Seep flow on the north slope is apparently assoQated * with perched ground water at the 
alluvium-Mancos Shale contact and/or flow emanating from the Mancos Shale itself. The 
interpreted origin of this ground water is natural recharge, irrigation, and potential leakage 
from municipal water lines. The implications of seep o c c m c e  on the ground-water 
distribution in the area is discussed in the ground-water section below. 

Seep occurrence on the south slope of the MMTS is comparatively small. Only scant diffuse 
flow from the exposed (excavated) Mancos Shale in the southeast portion of the millsite has 
been mapped. 

The larger surface water bodies, namely Iayd's Lake, Sutherland's Pond, and the municipal 
water treatment lagoons, are interpreted as features of small and variable impact to flow at the 
PrlMTS. Because of the lack of monitoring wells near these features, the actual influence on 
ground-water levels from these features is not known. Because field observations do not 
indicate significant leakage from the water treatment lagoons, and no field instrumentation 
(wells) exists to measure the potential impact of this feature, the conceptual model assumes 
that any leakage from the lagoons is negligible and is not a major source to ground water in 
the area. However, to more fully evaluate the impact of the lagoons a water balance 
calculation will be conducted on the basis of available information. The small amount of 
leakage that occurs at the toe of Loyd's Lake Dam and Sutherland's Pond contributes to flow 
in South Creek and Montezuma Creek, respectively, and/or to the upper ground-water flow 
system upgradient of or on the MMTS. 

4.7.3.2 Ground-Water Flow 

The primary processes of ground-wakr flow within and1 between hydrostratigraphic units on 
the MMTS include unsaturated flow (infiltration of precipitation and percolation of ground 
water in variably saturated material), and saturated flow (lateral recharge and discharge or 
leakage). Stream-aquifer interaction is included in the saturated flow section. 
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unsaturated flow occurs in the unsaturated portion ofthe upper flow system and in the 
variably !almted A!ranas shale arad Dakota sandstone whete these units form the underlying 
bedmckattheIMhdTS. Theoccurrenceof un.uturatprl flow is recognized in the hydrologic 
conceptual model. Howevea, msatmkd flow will not be modeled explicitly on a large scale 
because the process is not vital to the model's o v d  @ormane. The saturated 
numerical flow model (MODFLOW) circumvents unsanuated flow, Le., redurge is treated as 
a volumetric flow rate that enters the saturated pme, Similarly, evapOtratlSpitation is treated 
as a volumetric flow rate that exits the saturated zone. 

In the unsaturated alluvium and soil of the upper flow system, the imprtane of ullsatuiated 
flow lies in the role it plays in recharge and the transport of con taminants to upper flow system 
ground water. Recharge occurs when infiltrating precipitation and surface water enters the 
upper flow system. Moisture in the unsaturated zone above the mot zme is susceptible to 
evapotranspiration, whereas moistm below the foot zone can percolate downward to the 
phreatic surface, fechafging the ground water. As previously thxssed (Section 4.7. l), 
recharge is difficult to estimate and has been approximated. In areas where the 
alluvium is thin, near the valley margins, areal recharge is expected to occur more quickly 
because of the smaller storage capability of the thin soils. The numerical model's implicit , 
treatment of unsaturated flow is acceptable because the numerical simulations will represent 
decades of transient flow during which the average a n n d  recharge flux through the 
unsaturated zone is assumed to reach equilibrium. The role UIISaturated flow plays in the 
transport of contaminants is addressed under "Contaminant Transport." 

Unsaturated conditions also exist in places in the Mancos Shale and most of the upper and 
middle Dakota Sandstone. Wells installed in the thin remnants of Mancos Shale on the north 
margin of the millsite generally have fully saturated screens whereas wells on the south margin 
of millsite typically have ground-water levels within the screen or sandpack interval. Water 
levels in monitoring wells installed in the upper and middle Dakota Sandstone are situated in 
or below the sandpack, indicating relatively low pressure head and partially unsaturated 
conditions. On the basis of drilling log information from private wells to the north of the 
MMTS and project (OU I) wells to the south of the MMTS, the variably saturated conditions 
in the Mancos Shale and Dakota Sandstone are suspected to exist over the entire l d  area 
(within several miles of the MMTS), including the entire model domain (see Section 4.7.5). 

Near the margins of the valley and south of the MMTS, a vertical unit hydraulic gradient 
(gravity drainage) exists in the Mancos Shale and Dakota Sandstone indicating a strong 
downward component of ground-water flow. It is assumed that similar conditions exist on the 
mesa to the north of the MMTS. The variably saturated conditions and small hydraulic 
conductivities, however, restrict significant matrix flow from Occurring. Furthermore, the 
distinct geochemical signatures and relative age differences between ground water of the 
Dakota Sandstone and the Burro Canyon aquifer also support the concept of limited hydraulic 
communication between these units (DOE 1994a). The small number of monitoring wells 
completed in the Mancos Shale and Dakota Sandstone prohibit the CoIlStNction of extensive 
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ground-water elevation contour map& however, the lateral gradient between upgradient Dakota 
well 92-13 and dOWn@at Dabta well 92-12 iS appraxlmasel * yo.008. 

TheMMTS and vichityis underlain by Quatmmy alluvial msterisll which is, in turn, 
underlain (youngest to oldest) by Mancos Shale, Dakota Sandstme, and B m  Canyon 
Formation, all of Cretaceous age. The Burro Canym Formation is underlain by the Brushy 
Basin Member of the Morrison Formation (Jurassic age). Most of h e  MMTS collsists of the 
upper and lower Montezuma Creek valley which, from west to east, progressively inciseS the 
Mancos Shale, Dakota Sandstone, Burro Canym Formation and Morrison Formation. 

The upper flow system on the MMTS consists of the saturated Iporti<pns of alluvial and 
colluvial deposits, and, in places, weathemd bedrock. Weathered bedrock has been included 
in the conceptual model of the upper flow system because it is hyptheskd that weatheTed 
bedrockhas similartransrmssr ve 
numerical model does not include weathered bedrock in the alluvial aquifw, see 
Section 4.7.6.2). 

I 

- 'cs as the aIluvial deposits (however, the . .  

Ground water in variable quantities also occufs in the Mancos Shale, Dakota Sandstone, and 
Burro Canyon Formation. The upper flow system is dominated by a horizontal, eastward 
component of flow. This flow is induced by the hydraulic conductivity (approximately 16* to 
lo-' cdsec) of the upper flow system over that of underlying bedrock (approximately 104 to 
lo-' cds),  and the eastward hydraulic gradient (0.01 to 0.04 ftlft). 'Fhe upper flow system is 
considered a perched ground-water system in areas where it overlies the variably saturated 
Mancos Shale and Dakota Sandstone on the MMTS. Variably saturated upper to middle 
Dakota Sandstone is subcrop throughout most of the Millsite, and is suspected to form subcrop 
up to 3,000 feet east of the Millsite. 

No wells exist on the north slope to allow a factual shallow ground-water level contour 
map to be constructed. However, the seeps on the north slope represent the approximate 
elevation of shallow ground water in the area. The occurrence of the seeps and W o w  water 
levels from wells on the Millsite's north boundary lead to the interpreWion that shallow 
ground water continuously occurs in places between the thin alluviaucolluvial deposits and 
weathered bedrock underlying the north slope and the alluvial deposits that make up the main 
upper flow system of the valley floor (see Plate 4-1 and 4-2, DOE 1994b). The quantity of 
flow entering the MMTS from the north-northwest will be estimated in the water budget 
calculation. 

Ground-water flow from the south slope of the MMTS is consided negligible. This 
interpretation is supported by the lack of seeps and saturated alluvium, as observed during field 
mapping and well installation work in the area. Wells on the south dope (wells 194,195, 
196, and 197-4) were completed in the Mancos Shale - the shallowest interval that indicated 
the presence of ground water. One of these wells is dry and the others have minor amounts of 
water, indicating that the shale is mostly unsaturated in the area. 
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0x1 the outlying mesas north and south of the MMTS, the Quakmaq alluvium varies in 
thickness from 0 to 70 feetor more. saturated thickneses also vary, from 0 to an estimated 

where local low areas or drainages divert flow to the Ilorth or south. Because of the appareat 
strong relationship between topogmphy and flow direction, alluvial (or shallow weathered 
bedrock) ground water distant and north and south of the MMIS is not espected to be within 
flow paths that intersect the MMTS. pherefm, topographic areas that appear to form, 
continuous hydraulic divides, or areas where the flow path is apparently due east., justifiably 
act as boundaries to shallow flow around the IMMTS. 

20 feet. Ground-water flow generally naimicS topography. Flow is gaedly  eastwafd except 

The main so- of recharge to the upper flow system are grod-water inflow originating 
west and north of the A4MTS, infiltration of precjpitation, irrigation, and other surface water, 
and leakage from Montezuma Creek. Minor recharge is also suspxted as a result of 
underflow from the south slope of the valley (approximate gradient of 0.08 to 0.1 ftlft). 

Discharge from the upper flow system within the PrlMTS occus mainly by downgradient 
ground-water outflow, discharge to Montezuma Creek, and evapotranspiration. Most likely, 
some additional discharge occurs by leakage to underlying bedrack Where vertical gradients 
can be measured between the upper flow system and bedrock, values for gradients to the lower 
Dakota Sandstone consistently range between 0.95 and 1.0 ftlft, while values for vertical 
gradients to the Burro Canyon aquifer are from 0.07 to 0.66 ft/ft. The unit vertical gradient 
between the upper flow system and the Dakota Sandstone indicates a good potential for vertical @ flow. Conceptually, however, minor vertical flow occurs because of the sharp contrast in 
hydraulic conductivity between the upper flow system and the Dakota Sandstone. This 
interpretation is further supported by the poor yield of ground water to Dakota wells. In 
addition, there is inconclusive geochemical evidence of con tamination in the Dakota 
Sandstone. This, however, may be due to an ability of the Dakota Sandstone to adsorb 
contaminants. 

As discussed above, variably saturated ground-water conditions exist in the Mancos Shale and 
Dakota Sandstone. These units receive some recharge from leakage of the overlying 
alluvium, where it is saturated. This recharge is most prevalent in the shallow weathered 
bedrock where fractures are more common. For practical purposes, saturated weathered 
bedrock is considered part of the upper flow system on the MMTS. Downward flow into 
deeper unweathered bedrock is restricted to areas where vertical to subvertical continuous 
fractures exist. 

Shallow Mancos Shale is believed to be saturated on portions of the north slope of the upper 
Montezuma Creek valley, where seeps are common at the contact with the overlying alluvium 
and in the shale itself. Wells on the north boundary (202-2 and 203-2) of the Millsite also 
show saturated intervals of shallow Mancos Shale. Primary paths of discharge for the 
saturated portions of the Manms Shale include shallow leakage to slope alluvidcolluvium, 
seepage from outcrop, and evapotranspiration. Secondary discharge paths include discharge to 
Montezuma Creek on the western portion of the MMTS and downward leakage to the Dakota 
Sandstone. 
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Although existing Dakota Sandstone wells on the MMTS have been completed in the lower 
part of the unit, it is amaivable that portions of the upper and middle Dakota Sandstone are 
fully saturated. In particular, the uppa and middle Dakota sandstone may receive some 
recharge from m e o f  the upper flow system smd/ar Montezum Creek. The fractured coal 
seams common to the'middle Dakota Sandstone may be more conducive to this flow and do 
contain ground water on the Near South Site immediately south of the MM[Ts. However, the 
discontinuous nature of the coal layers and the o d  low permeability of the Dakota 
Sandstone indicate recharge and overall flow is minimal. The origin of the lower Dakota 
Sandstone ground water is from vertical flow, either from slow downward percolation from 
overlying variably satuxated strata, of from upward flow from Ue confined portions of the 
Burro Canyon aquifer. Secondary potential sources of recharge include infiltration of 
precipitatiob at outcrop and associated lateral flow into the EVIPMTS. 

The lower 5 to 15 feet of Dakota sandstone is saturated in some wells in and around the 
MMTS. Although a limited number of borings have penetrated the hwer Dakota sandstone 
and few lower Dakota Sandstone wells exist, it is assumed that the extreme lower portion of 
the Dakota Sandstone is saturated within most of the entire modeling domain. This assumption 
serves as a consenative measure to flow and transport in this portion of the model domain and 
as a simplification to development of the numerical model (see Section 4.7.6.2). The lower 
Dakota Sandstone is assumed to be unsaturated in the area from approximately the confluence 
of North and South Creeks to the west edge of the model domain. This amesponds to the 
area where the Burro Canyon aquifer is unconfined. Because of the low-permeability and 
associated characteristics cited above and in Section 2.4, overall inflow and outflow in the 
Dakota Sandstone is considered negligible. 

The Burro Canyon aquifer is unconfined approximately 2000 feet upgradient of the Millsite, 
where it shows water levels at least 50 feet below the top of the formation at wells 92-02 and 
92-04. Confining pressures are apparent at well 92-06, immediately west of Highway 191, 
where water levels are approximately 11 feet above the top of the formation. The transition 
from unconfined to confrned conditions is assumed to OCCUT in the area near the confluence of 
North and South Creeks. The aquifer appears to be conmfined over most of the MMTS and 
vicinity with the greatest confining pressure (approximately 30 ft. above the top of the 
formation) measured at well 197-2 on the adjacent Near South Site. Well 92-10, the eastern- 
most Burro Canyon well, shows water levels 2 to 4 ft. above the top of the formation. 
However, because this well is directly overlain by alluvium, shows good seasonal variation in 
water levels, and levels within a few feet (below) of the adjacent alluvial well, Burro Canyon 
ground water is interpreted as semiconfined here. Hydraulic gradients in the Burro Canyon 
aquifer are approximately 0.004, 0.006, and 0.01 for areas upgradient, on, and downgradient 
of the millsite, respectively (DOE 1994b). 

The primary source of recharge to the Burro Canyon aquifef is by way of infiltration of 
precipitation and runoff in exposed areas west of the MMTS near the Abajo Mountains. This 
flow is induced by the aquifer's permeability; approximately 104 c d s .  On the MMTS, 
upgradient lateral inflow is, therefore, the chief recharge process. 
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Some recharge and discharge of the Burro Canyon aqu&r o~curs where Montearma Creek @ and the upper flow system directly overlkt.kfonnatiOnin lower Monteaxma Creek, betwen 
Sutherhd's Pond and the Vega Creek confluence. At well cluster 9249 and 92-10, a 
downward hydraulic gradient of approximately 0.07 exists h m  the upper flow system to the 
Burro Canyon aqui€er. However, cm the basis of base flow conditions in the fall of 1994, 
Montezu~na Creek experiences a Smau gain (see Section 2.4.4) in flow over the reach 

in stream flow may be attributed to Burro can yo^ aquifer discharge or discharge of the upper 
flow system because of further &ction of the system in Montezuma Canyon. The 
relatively small magnitude of the stream gain and its iraconclrrsive source imply that other 
signiticant discharge prc~cesses for the Burro Canyon aquifer exist. Because of the lack of 
common seeps and springs at the downgradient cliff outcrops of the Bum Canyon Formation, 
ground-water discharge of the Burro Canyon aquifer apparently occurs by other means. The 
primary discharge flow paths for the Burro Canyon aquifer are interpet& to be discharge to 
Montezuma Creek and the upper flow system betweerr approximately Sutherland's Pond and 
the Vega Creek conflueace, enpotranspintion in the vicinity of Monkzuma Canyon, minor 
leakage into the underlying Brushy Basin Member of the Monism Formation, and some 
potential underflow into the thin alluvial veneer overlying the Brushy ]Basin at the base of the 
Burro Canyon outcrops. 

underlain by the B m  Canyon Formation immedtatel - y&wngradienofofwells .  Thegain 

Conceptually, the Brushy Basin Member of the Morrison Formation is considered relatively 
impermeable becaw of its high shale and clay composition. It is probable that the vertical 
matrix hydraulic conductivity of the Brushy Basin is on the order of 10' to 10-9 cds ;  
essentially impermeable compared to the conductivity (lp cds) of the overlying Burro 
Canyon aquifer. Because of t h i s  contrast in conductivities, the Brushy Basin is considered the 
practical bottom of the conceptual flow model for the MMTS and vicinity. However, because 
of periodic gains in flow in Montezuma Creek below the Vega Creek confluence (where the 
stream overlies the Morrison Formation) and the apparent lack of visible, or other more 
obvious discharge flow paths for the Burro Canyon aquifer, some leakage may occur from the 
Burro Canyon aquifer to the alluvial veneer overlying the Brushy Basin Member, and/or to the 
Brushy Basin Member itself. 

Bedrock ground-water flow is eastward (due east for the Burro Canyon aquifer) because of the 
eastward sloping topography and stratigraphy, but it is also influenced in areas of significant 
l d  relief. Flow paths may somewhat diverge from an eastward direction in areas such as 
upper and lower Montezuma Creek and Montezuma Canyon. Conceptual boundaries for flow 
then, can be established at some distance north and south of the MMTS, on the basis that 
eastward streamlines that exist there no longer influence flow within the MMTS. 

4.7.3.3 Contaminant Transport 

The distribution of some COPCs in ground water are illustrated in the Bpreline 
Characterization Data Summary report (DOE 1994b). On the basis of this report and the 
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COPCs evaluated, uranium showed the greakst potetrtial for tmspmt, fobwed by 
molybdenum, vanadium, and arsenic. Manganese and selenium also showed a g e n d  inverse 
relationship betweea ground-water concentrationS and dhtance daow the Millsite. 

Aftea soil remediation of the MMT'S, the transportbehaviorofttaese CQPCs is expezkd to be 

ground water and surface water dawngradient fmm the millsite. 
similar, with new, reduced Conceartrations of the cox being prQgmsiveJy established in the! 

The conceptualization of con taminant transport focuseson transport processes that areexpected 
to occuf after soil remediation at the MMTS. Although not significantly di€keat, transport 
processes that are occurring now (pmremediaticm) are more applicable to transport calibration 
(Section 4.3.8.2). 

After soil remediation is conducted on the XvfM'XS, two primary unnatural sources of COBcs 
tamination t~ the surface and ground water at the 

and unsaturated soils, and 
will potentially remain as contributors of con 
MMTS. These sources are 1) leachate from residually ccmtamhted 
2) desorption of existing contaminants within the saturated portion of the upper flow system. 
Currently, the potential source of contamination originating from stream sediments is 
considered secondary and insignificant compared to the primary sources. The existence of 
extensive, post-remediation residual soil con tamination will be tested by conducting post- 
remediation sampling and analysis of site soils under QU I. 

Given that some residual contamination is expected, an understanding of the unsaturated 
component of flow and transport within the unsaturated upper flow system is necessary to 
accurately model the site. In residually contaminated soils, transport is largely dependent on 
unsaturated ground-water flux (dependent on soil moisture, see Section 4.7.3.2), and the 
distribution and diffusion coefficients for the contaminant in question. Contaminated leachate 
will be generated' when relatively clean precipitation andor irrigation water infiltrates the soils 
and desorbs some of the contaminants sorbed to the soils. &hate will continue to percolate 
downward until it merges with the phreatic surface of the upper flow system. The leachate 
then, is a source of contamination to the ground water of the upper flow system. Generally, 
the grater the saturation (higher moisture content) and the smaller the distribution coefficient 
(KJ and diffusion coefficient, the greater the amount of contaminant will be leached to the 
phreatic surface. 

I 1  

Saturated transport of leached contaminants will begin at the phreatic SUrEdce and continue 
within the aquifer (upper flow system). Because of the relatively large hydraulic conductivities 
of the upper flow system, advection is expected to be the primary mode of transport. Minor 
transport will occur from diffusion. Contaminants entering the upper flow system will 
gradually disperse as a result of hydrodynamic dispersion. Dissolved concentrations of 
contaminants will also attenuate because of sorption, the partitioning of a con taminant between 
that adsorbed to solid material versus that in solution. 

Contaminants already existing in the upper flow system are expected to gradually desorb as a 
result of a decrease in the overall concentrations of contaminants in the ground water (due to 

I 1  
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the removal of the largest source temn [tailings]), with or without ertwsive contribution of 
con- leachate. This is because tailings 
of the upper flow system will no longex contribute sou~oe am OrminatQntQtheSystem. The 

of C O ~ ,  depending u p  the particular K,, assigned for e a ~ h  COX. me adsorption/ 
tion of desorption process will continue to operate downgmdieat of the site until mhstnbu 

contaminants has reached a new equilibrium resulting in a signifhnt decrease in C O X  
amcatrations in ground water and surface water. 

and tailings within @e saturated zone 

decrease h the dissoived c o ~ & a t h S  Of C o r n  and dher elements will enhance desorption 

. .  

Other chemical chamckm& . 'cs such as pH and Eh affect the spciatian, Sorption, and overall 
mobility of some inorganic COPCs, but typical to transpoat models Widely used in ground- 
water remediation problems, tgese cgaractenrstucs are not in- into the t r a n q d  
governing equations. Therefore, presenting the inhcacies of a geochemical amceptual model 
is not within the scope of the transport modeling task 

SurEdce and ground-water inflows such as precipitation, seeps and springs, Montezuma Creek, 

sampling and analytical results. Some of these sources will contribute background 
concentrations and are othenuise uncontaminated by man-introduced constituents 
(chemical analysis of a sample collected from Slade Spring was completed in the spring 
of 1995). 

and lateral underflow (ground water) will amtribute con taminant mass that is equivalent to 

4.7.4 Elstition of Water Budget 

The water budget will be estimated prior to numerical modeling in an attempt to quantify the 
primary flow components described in the conceptual model. The water budget calculation 
will support and allow for further development of the current conceptual model and wil l  later 
give an indication of how well the numerical model represents the conceptual model. The 
water budget calculation will result in tabulated ranges of potential inflows and outflows for 
the alluvial aquifer. Examples of inflow and outflow include areal recharge, upgradient 
ground-water inflow, stream loss, evapotranspiration, downgradmt ground-water outflow, 
and stream gain. Specific estimates for each component of inflow and outflow will be shown 
on calculation sheets. Estimates will be made on the lbasis of available data; for example, 
recharge will be estimated using average annual precipitation data, recharge relationships 
presented in literature, and/or field tests, and stream loss and gain will be based on field 
measurements of stream discharge. Upgradient and downgradient ground-water flow will be 
estimated using flow nets, and/or geometric averages of hydraulic conductivity, calculated 
hydraulic gradients, and aquifer cross-sectional areas. The estimation of vertical recharge and 
discharge will be made on the basis of approximated vertical hydraulic conductivities, known 
or estimated vertical gradients, and projected areas of flow. 
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The sekcticm of a model domain, the area in which flow and transport is simulated, is based 
on understanding the conceptual site model, the limitations of n d  models, regulatory 
issues and concerns, and the limitations of Project budget and schedule. An UndefSGLnding of 
the conceptual site model provides the most basic justiiication for the model domain. The 
conceptual model defines the primary flow and transport pathways and therebe allows 
boundaries to be approximated. The limitations of n w  models include issues such as 
maximum allowable grid cell number and the general ability to model certain c m q t u a I  
processes such as stream-aquifer interactian. wegulatory issues include the inflmce of 
ARARs, as well as any supplementary input re%ulatory agencies may have that impact the 
project scope and domain. Project budget and scheduk limitations include issues such as the 
allowable degree of model complexity and availability of computer pow=. 

Selection of the model domain for the MlWS was driven by the conceptual model. Initial 
minimum requbements were that the domain include the surface area of the upper flow system 
within the boundary of the MMTS (millsite! and peripheral properties). AAer further 
consideration and discussion with the EPA and State, the model domain was formally limited 
to a one-layer, two-dimensional domain, Le. the upper flow system. The decision to limit the 
model to the alluvial aquifer was made after considerable examination of the uncertainties 
associated with a three-dimensional model that would have otherwise included the Mancos 
Shale, Dakota Sandstone, and Burro Canyon aquifer. It was concluded that modeling of flow 
and contaminant txansport to the Burro Canyon aquifer would not be an accurate predictive 
tool because 1) the lack of knowledge of fractures and the variably saturated nature of the 
strata overlying the Burro Canyon aquifer prohibits a realistic vertical hydraulic conductivity 
from being used in these strata; the use of any other value would be conjectural, 2) if a 
prediction were made, the time and location(s) at which contamination reached the Burro 
Canyon would not be defensible, and 3) the lack of confidence in the prediction would not 
support a defensible decision. 

\ 

Additional considerations resulted in laterally extending the boundary of the domain away 
from the MMTS. These included 1) an effort to attain physical and therefore more accurate 
and reliable model boundaries, 2) an effort to limit model boundary condition affects, and 
3) the indication that significant ground-water flow occurs on the north dope of upper 
Montezuma Creek. As a first approximation, model domain boundaries will be located just 
north of Highway 666 to the north, near or at Loyd's Lake, to the west, approximately 
0.5 miles south of the MMTS, and along the trace of Vega and Montezuma Creek, to the east, 
The resulting model domain, shown in Figure 4.7-3, is preliminary and may be modified as 
modeling progresses. The boundary conditions to be assigned to the domain boundaries is 
discussed under "Model Conditions" in Section 4.7.6.2. 
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Figure 4.7-3. OU III Ground-Water Modeling Domain 

E 
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Although the model is limited to a twdhensional domain, the potential for contaminate 
migration into the Bum Canyon aquSex remains to be a principal amcem. To address this 
concern, a number of new wells will be installed to more adequately monitor water quality in 
the Bum, Canyon aquifer, and hoxkmtal and vertical hydraulic gradiepts within and between 
hydrostratigraphic 
accurately assess potential contaminant migraticm in the B u m  Canym aquifer now and in the 
future. Should conlamhation by COPCS be detected and cxdkned in the Burn, Canyon 
aquifer, the possible expansion of the ground-water modeling domain will be reevaluated. 

(see section 4.8.1). These wells wil l  provide d - b e  data needed to 

4.7.5.2 Model selection 

Consideration of the modeling objectives and an evaluation of the hyhlogic  conceptual'site 
model indicates that saturated ground-water flow, particularly in the upper flow system, is the 
primary flow process of concern at the MM?s (i.e., saturated flow and transport is the main 
process that moves contaminants significant distances over time). Unsaturated flow is 

voluminous, and the unsaturated zone of the upper flow system is sufficiently thin that steady- 
state flow will probably result over a period of 5 years or greater, the approximate time frame 
of interest for the implementation of ground-water restoration. Although UIISaturated flow is 
considered a secondary process at the MMTS, a methad is needed to estimate the source term 
that results from the potential unsaturated flow and transport of residual (if any) contaminants 
remaining in the soils of the upper flow system, as well as the leaching of natural 
concentrations of COPCs in the native soils surrounding the MMTS. The use of a coupled 
unsaturated/saturated code is less preferable because of the i n d  complexity, intensiveness 
of computations, and frequent nonconverging simulations commonly experkxed with these 
codes. To reduce the implementation problems associated with a coupled msaturated/satuxated 
code, unsaturated flow and transport modeling will be conducted separately, uncoupled from 
the saturated model, to estimate the concentrations of leachate inflow to the phreatic surface. 

considered a secondary process at the MMTS because characten ' s t i d y  this flow is less 

The three-dimensional, ground-water flow model MODFLOW (McDonald and Harbaugh 
1988) will be used to simulate saturated ground-water flow on the W S .  MODFLOW 
models ground-water flow using a blockcentered finite difference approach. Model layers can 
be simulated as unconfined, confined, or a combination of these conditions. MODFLOW can 
simulate flow associated with wells, areal recharge, evapotranspiration, drains, and streams. 
The finite difference equations can be solved using the Strongly Implicit Procedure or Slice- 
Successive Overrelaxation (McDonald and Harbaugh 1988). HYDRUS (Kml and van 
Genuchten 199 1), a one-dimensional flow and transport d e ,  will be used to simulate the 
leaching of post-remediation soil contaminants in variably saturated soil to the ground-water 
surface. The solute transport equation used in HYDRUS i n c o v t e s  the praceses of 
molecular diffusion, hydrodynamic dispersion, liner or nonlinear equilibrium adsorption, and 
first-order decay (Kool' and van Genuchten 1991). HYDRUS requires the input of van 
Genuchten-type unsaturated soil properties that describe the relationship between soil-moisture 
content and hydraulic conductivity. The results of HYDRUS will be used as input to Eu113D 
(Zheng 1992), a two or three-dimensional saturated transport code. The concentrations of 
COPCs in the leachate as estimated by HYDRUS will be used as a surficial "boundary 
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condition" in MT3D; that is, the cxmcaltxatiolls of COPCS will be- or asmated with . m D  will, in turn, be the areal recharge in the area of estimated residual amtammatm 
coupled with M O D W W  to arrive at predictions of cantaminant cmcatmions in ground and 
surface water on the MMTS. MODFLOW, MT3D, and HYDRUS are modeling codes that 
havebeen tested and accepted in the ground-water modeling industry and are listed in 
"Compilation of Ground-Water Models" (EPA 1993e). MODFLOW, in particular, is widely 
used in ground-water Science. MT3D is easily coupled to MODFLOW and is becoming the 
most common transport code used with MODFUIW. hpyDRUS has gained more popularity 
in recent years as a relatively comprehensive variably saturated code that includes the use of 
characteristic un- soil properties. 

. .  

Procurement of materials includes obtaining the computer hardware and software necessary to 
effectively implement the numerical model and the literame necessary for piuametex 
estimation. Procurement has thus far included obtaining a Bentium computer and recent 
versions of the software packages VMODFLOW, GMS, and MT3D (see Section 4.7.6.2). 
Procurement of the computer was necessary to decrease run times assocJated . withthe 
potentially large size and complicated nature of the model, and to more precisely accommodate 
the graphic display demands of WODFLQW and GMS. A SUM SPARC station 10 is also 
available to run ground-water simulations. 

4.7.6 Development of Flow Model 

This section discusses the development of the flow portion of the UIlSatLvated flow and 
transport model HYDRUS and the development of the saturated flow model MODFLOW. 
Information is presented in two main subsections: Model Conditions and Piuameter 
Estimation. 

4.7.6.1 Development of Unsaturated Flow Moddl 

Unsaturated flow occurs in the unsaturated portion of the alluvial aquifer. The primary 
importance of unsaturated flow is the role it plays in transporting COPCs that remain in native 
soils of the alluvial system after remediation, regardless whether or not these contaminants 
represent background concentrations. The concentrations of CQPCs in leachate as estimated 
by the model HYDRUS will be used as a surficial 'boundary condition" in the model MT3D. 
The concentrations of COPCs will be assigned or associated with the areal recharge in the 
areas of estimated residual contamination. The development of the unaurated transport 
portion of HYDRUS is discussed in Section 4.7.8.1. Site specific data that contribute to the 
development of the unsaturated flow model include soil bulk density data, soil moisture data, 
sieve analysis data, and areal recharge data. 
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Mudel devdopment for the nnsaturated model hvolves selecting the model d o h ,  
discretization of the one-dimensiaaal grid, and selecting initial conditiolls and 
bundary conditions. 

The unsaturated model HYDRUS models onedimensid flow and transport and therefore 
cannot be directly ooupled to a twodimensional saturated flow model. Instead, the results of 
the o n d i m e n s i d  unsaturated flow (and transport) will be applied to the surfixe 'boundary" 
of MOD-W. S e v d  HYDRUS Simulations will be oonducted an the basis of anticipated 
different thicknesses of the post-mnediation soil, soil types, and soil contamination levels. 
Zones will be established where these Merent conditions exist within the MMTS and 
individual HYDRUS simulation results will be applied to each mne. 

Grid Development 

The unsaturated thickness of the post-remediation soil profile is expected to vary from s e v d  
feet to 15 or 20 feet. It is anticipated that the One-dimensional grid for HYDRUS will be 
discretized into cells that do not exceed 1 foot in thickness. However, because the 
performance of unsaturated flow models is generally enhanced by smaU disaduat~ * 'ons, cells 
may be assigned thicknesses as small as one tenth of a foot in places. 

Initial Conditions 

When a transport simulation is performed, HYDRUS first solves the steady-state flow solution 
and calculates the appropriate water content distribution and velocity field that is the result of 
the specified boundary conditions. This information is used in subsequent transient transport 
simulations. The specified initial pressure head or soil moisture distribution should be a 
reasonable approximation to the steady-state distribution to ensure convergence of the flow 
equation (Kool and van Genuchten 1991). 

Initial soil moisture! content conditions will be generated by conducting a steady-state 
simulation using the boundary conditions discussed below. As a qualitative measure, moisture 
content data from the 1991 Millsite Characterization Study (Dames and Moore 1992) will be 
compared to the simulated steady-state profile. 

Boun&ry Conditions 

The anticipated boundary conditions for HYDRUS include a specified flow surface boundary 
(on the basis of estimated afeal recharge) and a specified head lower boundary @resure head 
equal to zero or water table condition). The recharge rate to be applied to the top boundary of 
the model is discussed in the parameter estimation section. 
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Input parameters include areal recharge rate, soil bulk density, and sail hydraLlic properties 
(which describe the relationship between hydraulic amductivity anrd pressure). Root water 
uptake and hysteresiS*will not be modeled. Evap~transpiration will not be modeled explicitly, 
but will be incorporated into anet recharge team. 

Estimates of areal recharge on the basis of site s p i f i c  data include previous enyiconmental 
tracer work, field lysimeter work, and modeling conducted bbr MRAP. Rdmmary estimates 
of areal recharge range from approximately 2 x l@ cm/s (0.25 in/yr) to approximately one 
tenth of the average annual precipitation or 1.5 in/yr (see Section 4.7.3.1). Site specific data 
in this case refers to estimates of recharge by the chloride mass balance method as cad& 
on the Near South Site (see DOE 1994a), and by monolithic lysimeters and modeling 
conducted on the Far South Site (Waugh 1995 and DOE 1993a). In addition, an exammab on 
of site precipitation versus water level data, literature recharge values, or published regional 
data on the relationships lbetween precipitation versus elevation and/or evapotranspiration, will 
be evaluated. 

. .  

. .  

The value of soil bulk densities is dependent on soil type. Estimates of soil bulk density for 
native alluvial material will be obtained from natural moisture content and dry weight density 
data from soil samples collected from test pits on the MMTS (Dames and Moore 1992). Bulk 
density values are also available for loess and/or pediment gravel soil types (DOE 1993a) @ which cover the nearby mesa tops and may be used as fill during restoraton of the MMTS. 

Soil hydraulic properties will be estimated for fill (types yet to be determined) and upper flow 
system materials. These properties include saturated hydraulic conductivity, and the four van 
Genuchten-type parameters (van Genuchten 1978), a, p, 8, and e,, that are derived from 
retention curve data (also hown as moisture characteristic curve). The retention curve is a 
plotted relationship between pressure and soil moisture content. The van Genuchten 
parameters describe the relationship between hydraulic conductivity and presswe. 

The van Genuchten parameters will be estimated by either (1) an indirect method using 
existing grain-size distribution data andor additional grain-size distribution data from soil 
samples collected during the ecologic risk assessment sampling combined with computer 
analysis using the programs S W A T  (Baumer and Brasher 1982; Baumer 1985) and RETC 
(van Genuchten et al. 1991); or (2) direct laboratory analysis of soil samples collected during 
the ecologic risk assessment sampling or installation of the proposed monitoring wells (if 
schedule allows). S W A T  was developed to approximate unsaturated properties of 
agricultural soils. The code requires as input the grain-size distribution data of the material of 
interest. Grain-size distribution data for the upper flow system material exists in the 1991 
Millsite Characterkition Study (Dames and Moore 1992). Additional grain-size distribution 
data will be obtained from sieve analyses conducted on samples collected during risk 
assessment sampling. The program also requires an estimate of the saturated hydraulic 
conductivity. Because individual soil samples cannot confidently be assigned a hydraulic 
conductivity associated with a previously conducted and potentially distant in situ hydraulic 
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test, and the parameters of interest are being obtained through computer analysis of grain-size 
distxiiution data, the hydraulic conductivity will be estimated using tk computex program 
MVASKF (Vukovic and S m  1992). MVASKF &mates cunductivity on the basis of the 
&&e grain size (and grain size distribution) of the material. However, AlVASKF does not 
accurately predict conductivities of oohesive, fine-grained d. w o r e ,  for fine 
grained soil samples, the assigned saturated hydraulic conductivity value will be obtained from 
slug tests that were conducted in similar material on the MMTS OT estimated from general 
literature agproximali~. 

SWRDAT output consists of a pressure versus moisture content relationship for a hypothetical 
soil that is characterized by a specific grain-& distribution and whuated hydraulic 

relationship between hydraulic conductivity and moisture content, resulting in the van 
Genuchten soil Properties. In addition, the unsaturated soil propertk obtained from 
SWRDAT and RETC computations will be compared to literature values for similar materials, 
including estimates made from soil data provided in A ccrtalogue of tiire Hy&& Propem& 
of Unsaturated Soih (Mualem 1976). 

conductivity. The SWRDAT output is used as input to the PZEIY: code that estimates thd 

To evaluate saturated hydraulic conductivity over a more extensive area of the model domain, 
approximations of conductivity based on grain-size distributions wil l  be investigated for soil 
samples obtained in lower Montezuma Creek during the 1994 confirmatory sampling event. 
At a minimum, however, the geometric means, plus or minus an order of magnitude, of the 
saturated hydraulic conductivity values of the upper flow system materials (alluvium) will be 
obtained from previously conducted pumping tests and slug tests (see Section 2.4) and used as 
input to HYDRUS. 

4.7.6.2 Development of Saturated Flow Model 

In the two-dimensional model domain, saturated flow occurs in the alluvial aquifer. Saturated 
flow and advective transport are viewed as the primary ground-water flow and transport 
processes responsible for dispersing COPCs within this hydrostratigraphic unit on and in the 
vicinity of the MMTS. 

The hydrogeologic conceptual model includes weathered bedrock in the definition of the upper 
flow system because it is hypothesized that weathered bedrock has similar transmissive 
characteristics as the alluvial deposits. However, project historical data show that the 
delineation of weathered bedrock is inconsistent at best. Also, the definition of weathered 
bedrock is somewhat subjective, and, where explicitly delineated it is relatively thin (0 to 3 ft). 
Therefore, for the numerical modeling, the upper flow system moldel layer will be defined by 
alluvial material only; weathered bedrock will not be included. 

Site specific data that will be used to develop the saturated flow model include ground-water 
elevation data, surface water discharge data, and hydraulic conductivity, transmissivity, 
porosity, specific yield, and areal recharge data. These data are discussed in the appropriate 
subsections, Model Conditions or Parameter Estimation. However, because ground-water 
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elevation data and surface water discharge data represent hporturt d extensive sources of 
infomation with uses in the mo-g process, they are discussed separately mow. 

The most fundamental data nppnpA to continually evaluate the 
and &rate the numerical flow model includes grcnmd-water ekvatbn data and surface wakr 
dischargedata.. conslsten * t and reliable sources of this data exist as a result of work conducted 
for the baseline chatactenza - tion. A description of this data and p h  for continuing its 
collection are discussed in the following paragraghs. 

model and develop 

Growrd-Wtiter Elevation Data 

Ground-wata monitoring data that is needed for development of the saturated flow model 
includes water-level measurement data from selected wells upgradient, on, and downgradient 
of the millsite. WW-level measurements will also be conducted at sdected wells on the Near 
South Site. 

Monitoring results will provide a continuous record of ground-warn conditions and will be 
used to support ground-water modeling and contaminant fate and transport assessments and to 
serve as the basis for evaluating changes in the ground-water system before, during, and after 
tailings source remediation. 

Water-level measurement data will be used to calculate flow gradients and directions, estimate 
water balances for the area, record and understand historic water-level fluctuations with time, 
understand ground-water/surface water relationships, and understand vertical and horizontal 
flow relationships between hydrostratigraphic units. The data will also be used to develop a 
dynamic average steady-state condition for flow model calibration. Hydraulic head in wells on 
the Near South Site will be measured to assess continuity of shallow ground water off the 
millsite to the south. Depending on the Occurrence of ground water in this area, this 
information will be used to estimate shallow ground-water flux into the millsite from the 
south, a quantity potentially needed for the FS. 

Wells were selected for water-level measurement on the basis of the following criteria: 
(1) maintaining the water-level measurement network developed for the baseline 
characterization, (2) supplementing the MMTS network with wells installed in 1993 and new 
wells to be installed under this Work Pian, and (3) providing water-level information 
peripheral to the MMTS. Wells in the baseline characterization water-level network were 
judged to have good spatial distribution, a high degree of integrity, and are consided to have 
suitable well-screen completion intervals (DOE 1994b). Maintaining the baseline 
characterization water-level measurement network will provide a consistent historical record of 
water-level fluctuations. This record will be used to evaluate how ground-water occurrence 
and conditions vary with time. Fluctuating water levels, for example, may impact some land 
use applications and/or ground-- use. Water level information from wells installed on the 
MMTS in 1993 as part of the Alternatives Analysis project is needed to investigate vertical 
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hydraulic gradients and define conditions on the perimeter of the millsite bundary. Water 
kvel idormation from the proposed new wells (seesdm 4.8.1) willbeused toevaluate 
l o c a l h o r i U r m t a t a n d v ~ h y d r a u l i c g r a d i e n t s w i t h i n a n d b e t w e e n ~ y ~ ~ ~ u n i t S .  
Ground-water level informaton peripheral to the MMTS includes wells on the Near South Site 
and one BUHO C ~ ~ Y O Q   we^ (93-205) north-northeast of the a t e ,  ~hese  well^ lie within the 

including flow to the A4MTS that may affect the water budgel e s h a k  
modeling d o h  and will be used to a_ef~_ef l d  pmd-water ccanditions and flow directions, 

A private well w a ~  c o n d u d  in 19% in an attempt to ob& additional Water-leVel 
information north of the MMTS. Of 30 private owners contacted, only 5 owners volunteered 
to have water-level measurements taken at their wells. The results of these measurements are 
of limited uke because of the high uncertainty of relating water levels to well screen loc&ons 
(as a result of poor drill log information) and the o v d  sparsity of measurements. Other 
information gained from the private well survey noted that both private individuals and public 
(City of Monticello) owners of deep wells (lower Dakota sandstone, Bum Canyon) do not 
operate them often. Some wells have remained dormant far 10 years or more, depending on 
spells of drought. A representative of the City of Monticello stated that as the city's 
population grows, the demand for municipal water will be met by acquiring other surface 
water rights rather than supplementing demand with a major pumping Operation 
(Schafer 1994). ! 

Section 4.8.3 describes the ground-water level measurement procedures and hts the 
selected wells. 

S u f i e  Water Discharge Daa 

Surface water discharge monitoring consists of conducting stream discharge (flow) 
measurements, and seep and spring discharge measurements where feasible. Most seeps and 
springs are not amenable to measurement of discharge and are therefore monitored for general 
flow characteristics (see Section 4.8.5) Surface water sites cu~ently include those stations 
established during the baseline characterization on Montezuma Creek upgradient, on, and 
downgradient of the millsite, and three new sites, SW94-01 (in Montezuma Creek downstream 
of the Vega Creek confluence with Vega Creek), SW94-02 (on the west portion of the 
millsite), and SW95-01 (in Vega Creek above the confluence with Montezuma Creek); four 
surface drainage sites on the millsite; and five seeps on the north hillslope, north of the 
millsite, and the Cabin Spring in the lower canyon area (see Plate 2-2). Any other significant 
seeps and/or springs identified during the course of fieldwork (annual monitoring) will be 
added to the monitoring list, 

Surface water monitoring (initiated during the baseline characterization) will continue to 
maintain and record surface water discharge measurement data. Maintenance of this data is 
needed to evaluate short and long term historical trends and to attempt to defm data norms 
and anomalies. An understanding of the interaction between surface water and ground water is 
basic to developing a ground-water numerical flow (and transport) model. 
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Streamdischargeinformatimwil lbeusedto~ - f low~tudeandfluctuationin 
uplper Montezauna Canyon, assess l d o n s  and approximate rates of loss @fluent) and gain 
(effluent) on stream reaches, assess the relationship between water quality and stream flow, 
calculate a water budget as ache& on numerical modeling performance, evaluate surface 
water contaminant mass flux, and support 
assessment andor  the FS. Thawraged stream dischaqe values wiU be used for flow 

(seeps, springs, and outfdls) are also needed to amss the origin and quantity of flow 
potentially contributing to Montezuma Creek and the upper flow system. Where seep and 
spring discharge measurements are feasible, or can be m l y  approximated, the data will 
be used for the calibration of flux during the flow model calibration task, 

of other tasks such as the ecological . .  

calibration of the numerical model. Discharge measurements estimated at nollstream sites 

Specific sites and procedures for the SUrEace water discharge measuremeat task are discussed in 
Section 4.8.2.2. 

The development of the saturated flow model involves translating the site conceptual model 
information into computer input files neceSSary to initiate Simulations. To increase the 
efficiency of this time-consuming task, the computer programs Visual MODFLOW 
(VMODFLOW, Waterloo Hydrogeologic Inc. 1994) andor Groundwater Modeling System 
(GMS, Brigham Young University 1995) will be used. These programs automatically 
construct the required MODFLOW input files by using an interactive program that allows the 
user to designate a domain, design a model grid, and input layers, material properties, 
boundary conditions and other neceSSary information. Once VMODFUPW or GMS has 
generated the input files, the MODFLOW simulation can be run intenrally (with 
VMODFLOW) or externally (with GMS), and results can be displayed and graphically 
manipulated (post-processed). 

The version of MODFLOW used in VMODFLOW and CMS incorporate the recent packages 
Block Centered Flow (BCF3), Generalized Finite-Difference Formulation (GFDl) and the 
Preconditioned Conjugate Gradient Solver (PCG2). The Streamflow Routing Package (STRl) 
will be included in a later version of VMODFLOW and is not considered neceSSary for the 
relatively small and constant flows of Montezuma Creek. 

Domain size, grid development, initial conditions, boundary conditions, parameter input 
values, and MODFLOW model packages to be used will be evaluated as modeling progresses, 
and modified, if necessary, to lbest accommodate the needs of OU III RYFS objectives. 
Modifications could range from minor parameter refinements to the construction of an entire 
new grid. EPA approval wiIl be obtained prior to implementing any significant modifications. 
The following model development attributes are anticipated. 

DOE-GJPO Remedial Investigation September 1995 
RlFS Work Pien DRAFT FINAL Paw 9149 



MODFLOW requires the COllStNCbXPn ' of an orthogonal grid ~ v e r  the modea &main. Within 
the orthogonal grid, howewer, cells that lie between the actual mckl boundaries and perimeter 
ofthe grid are made inactive; flow calculaths are not performed in these cells. The actual 
model boundary, designated by specified head OT flow conditions, will coincide with known or 
estimated physical boundaries in some lucations, resulting in an hgularly shaped model 
domain. The northern and southern boundaries are expcted to be heated on ground-water 
flow lines andor ground-water divides, near Highway 666 and approximately 1 to 0.5 d e s  
south of the MMTS, reqectively. "he western boundaxy is expectwl to be located at Loyd's 
Lake, and the eastern boundary, at orjust east of haontezuma Creek m y o n .  These boundary 
locations were selected because they provide physical justifications far specifying head and 

the model domain is shown in Figure 4.7-3. 

. .  flux conditions, andor are distant from the main area of inkrest. A prdmmxy Ph-VkW Of 

One layer will be modeled in the vertical dimension. The single layer will consist of the 
unconsolidated alluvial and colluvial material that make up the upper flow system of the 
MMTS, and the alluvium, colluvium, and loess materials that make up the surrounding 
highlands. As stated at the beginning of this Section, weathered bedrock will not be included 
in this layer. Because the horizontal gradient in the alluvial aquifer appears to be dominant on 
the MMTS, and1 the unit is relatively thin (less than 40 ft thick), the model layer will not be 
discretized into additional layers. The bottom of the model domain will be bedrock, which 
varies from the Manws Shale to Dakota Sandstone to B u m  Canyon Formation, depending on 
location. This contact will be assigned a no-flow boundary condition. The no-flow 
condition is reasonable considering that the hydraulic conductivities of the bedrock generally 
range up to three or four orders of magnitude smaller than of the upper flow system (see also 
Section 4.7.5.1). 

The model domain for A4T3D. although generally the same as that for MODFLOW, will be 
reduced to the areal extent of the alluvial aquifer. This will allow for greater computational 
efficiency and reduced run-times of computer simulations. 

Grid Development 

Generally, grid construction will involve a smaller, more dense grid Spacing in the area of 

transport is expected to be significant. The smaller g r i d 4  size will result in more precise 
resolution of head and contaminant concentration and general model perfomce. The 
resolution neceSSary will be determined partially by the needs of the human and ecological risk 
assessment and1 the FS. A larger grid spacing is expected in the areas peripheral to 
the MMTS. In general, grid cells are not expected to be smaller than 50 by 100 ft, and not 
larger than 400 by 400 ft. 

upper and lower Montezuma Creek, on and downgradient of the millsite where con taminant 
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~nitial CQnditio~lo for the MODFLOW transient simulation0 will coslsisf ofa skuiy-state head 
solution generated by the calibrated model. The dynamic average steady-state condition will 
be established by &g an average annual recharge and calibrating to within the range of plus 
or minus one standard deviation of the average annual head at eacln calibrationwell. The 
initial steady-state simulation wil l  be started using an arbitrary, yet mumable, head 
distn'bution. Average annual recharge will be estimated as discussed ill section 4.7.3. 
Average annual heads will be generated, at a minimum, for wells that make up the established 
ground-water level measurement network (Section 4.8.1.2). Reliable and collsistent water 
level measurements have been conducted on this network over the @d of 1992 to the 
present. of diverse climatic conditions within this short perid of record, water' level 
elevations will be averaged over time for the entire period (January 1992 to January 1995, for 
example) rathex than for a given year within the period. Wells not on the network will lbe 
considered for averaging depending on the well integrity, quality assuratlce of measurements, 
and frequency and period at which measurements were made. The treatment of anomalous 
measurements will be examined on a case-bycase basis. 

Bowtdory conditom 

The north and south boundaries of the model are expected to be wflow conditim because the 
boundaries are located on ground-water flow lines or ground-water divides. On the western 
boundary, the impact of the potential constant head condition at b y d ' s  on the alluvial 
aquifer does not initially appear to be significant, however, it will be furthet evaluated. The 
resulting boundary condition in this area may be revised from n d b w  to a specified head 
boundary. Boundary conditions for the remaining portions of the west boundary, north and 
south of Loyd's Lake, may also be revised from specified head to ndlow.  The eastern 
boundary conditions may range from specified head or an internal source condition such as 
evapotranspiration or a drain-type boundary, or a combination of these conditions, depending 
on the final boundary location. Figure 4.7-3 indicates that the east boundary is located along 
Vega and Montezuma Creeks. In this case, a specified head boundary, drain-type Condition, 
or neflow may be appropriate. 

@ 

The east boundary condition is expected to become more clear after the water budget 
calculation is conducted. 

other than during sensitivity analysis, the assignment of a quantified Specified flow boundary 
condition will be avoided because of the increased amount of uncertainty associated with these 
type of boundaries as compared to specified head boundaries. 

Inremal Sources and Sirah 

Internal sources include areas where stream reaches and seeps or Springs are located. The 
River Package in MODFLOW will be used to simulate the exchange of water between @ Montezuma Creek and the upper flow system. In MODFLQW, the stream acts as a source 

DOE-GJPO Remudid Inmtiwtion September 1995 
RIFS Work Plan DRAFT FINAL Page 4 1  51 



where it contributes flow to the aquifer and as a sink when it d v m  flow from ground-water 
sou~ces, If-, the River Package may also be applied to seepage h m  Hall's Ditch. 
The Drain Package will be used to Simulate flow from thedefisaed seeps and springs, and the 
Evap~transphtion and/or Draia Packages may be used to simulate evapotransPiration in areas 
where the process may be a dominant sink, such as along the walls of EvIontezuma Canyon, 
north and south of the Vega Creek colnfluence. 

The primary parameters required for MODFLOW input include hydraulic conductivity, 
transmissivity, porosity, spedic yield, and areal recharge. Sources of exist@ data that will 
support parameter estimation for the saturated flow modeling include, but are not limited to: 

8 Hydraulic conductivity estimates for the upper flow system from unpublished pumping test 
data from two tests conducted on the MM"S in 1988, and unpublished slug test data from 
tests conducted on the MMTS in 1993 and 1994. Forty-sk slug tests were conducted on 
the MMTS in 1994 to supplement information that supports the site conceptual model and 
numerid model. Additional hydraulic conductivity values will be estimated from slug 
tests that will be conducted at the new alluvial monitoring wells to be installed under this 
Work Plan (see Section 4.8.1). Also, the potential exists for atbtaining supplemental , 
hydraulic conductivity information for the millsite area associated with OU 1 plans to pump 
and supply contaminated ground water to be used for testing the water treatment plant. 
Should the opportunity arise, a pumping test wil l  be designed and implemented with the 
condition of using existing wells. Because this work is uncertain, however, no formal 
plans for conducting a pumping test are described in this Work Plan. As a first 
approximation, geometric means of the pumping test and slug test hydraulic conductivity 
data will be used for the upper flow system. A realistic range of conductivity values will 
be used during calibration. 

Transmissivity for the upper flow system from pumping tests conducted in 1988 on the 
MMTS. MODFLOW accepts the input of transmissivity directly or calculates 
transmissivity on the basis of input hydnulic conductivity and aquifer saturated 
thickness values. 

e The thickness of the alluvial aquifer (model layer) will be estimated by subtracting a 
contoured bottom elevation map from a contoured top elevation map. The top elevation 
contour map will be constructed using actual ground surface elevation data from the 
monitoring wells and surface survey control points, and/or additional estimated elevations 
in areas where no surface control exists. Bottom elevations for the alluvial aquifer will be 
estimated by contouring the elevation of the top of bedrock on the basis of similar field 
data. Each grid cell in the model will be assigned an interpolated alluvial thickness on the 
basis of the resulting thickness contour map. Alternatively, should a variable bottom 
elevation create excessive simulation problems, an average bottom elevation may be 
assigned to each layer. 
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ta Porosity, and spcific yield estimates for the upper flow system will be obtained from 
previous hydraulic testing data (a reevaluation of unpublished data and data presented in 

e.g., Bedrock Aquifers of Fadern San Juan County, Utah (Avery 1986). 
RI/FS--EA W E  199Ob]), laboratory data ( A d d  T- Testing 1992) fi-, 

0 Areal recharge estimates wi.U be based on values estimated for the Far South Site 
(DOE 1993a), the Near South Site (DOE 1994a), Uerabm , and/or some pacentage of 
total average annual precipitation. 

Initial flow simulations for both the unsaturated and satuated mdels wiU be conducted to test 
for general model performance and reasonable output. ahis subtask will serve as a test for the 
compatibility of the established conditions indicated by the conceptual model and the numerical 
flow model's ability to perform under those conditions. The goal of the initial simulations is 
to achieve 1) a successful run, 2) a run that does not have cells go dry as a result of artificial 
oscillations in the solution, 3) convergence, 4) less than 1 percent water budget error, and 
5 )  an array of starting heads that are solved heads. During initial flow simulations, "bugs" 
that are preventing successfiil simulations wil l  be identified and carrected. Should initial 
conceptual representations or conditions repeatedly result in model nonconvergence or 
excessive run times, alternate simplified conditions may be implemented until successful, 
representative model simulations are attained. Initial runs will be followed by 
flow calibration. 

4.7.73 Flow Calibration 

No formal calibration wili be conducted for the unsaturated flow model MYDRUS. However, 
soil moisture contents simulated by the model will be compared for a reasonable fit to moisture 
contents measured on site during the 1991 Millsite Characterization Study (Dames and Moore 
1992). 

For the MODFLOW model, calibration will generally consist of calibrating to a dynamic 
average steady-state condition by using manual trial and error adjustments of input parameters. 
The dynamic average steady-state condition will be established by varying an average annual 
recharge and/or hydraulic conductivity values for the alluvial aquifer and calibrating to within 
the range of plus or minus one standard deviation of the average annual head at each 
calibration well. Average annual head will be estimated by calculating time-averaged water 
levels for each well in the ground-water level measurement network (Section 4.8.1.2) over the 
greatest period of record that contains full annual cycles, for example, from January 1992 to 
January 1995. 

Calibration will be considered complete once predetermined calibration Criteria are met. If 
calibration criteria cannot be met because of schedule constraints, the best possible calibration 
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will be attained in the time available. Calibration Criteria will be set in terms of aquifer head 
residuals (difference between simulated head and closest standard M o n  range value) 
meeting a minimum mt mean square emor (RMSE) value, and surfke~afer  flows that attain 
a reasonable compafisoll to field measured valw. In additim, further refmemeat of 
calibration may be ac'hieved by interpolating simulated heads at actual well locations by using a 
triangulation calculation with the simulated heads at node locatkms. A preliminary target 
RMSE for head calibration is 3 ft. Because of error assogated - with9)headthatwillbe 
calibrated against time-avemged values (transient COllCiitiollS not reflected in the model), 
2) grid cell sizes that do not reflect small scale heterogeneities, 3) potential scaling effects due 
to long well screeas, 4) interpolation problems between actual well localions and grid nodes, 
and 5) field measurements (Anderson and Woessner 1992), it is u~certsu~l whetherthis 
calibration target can be met. 

Calibration will focus on the head distribution within the MM"S for the uppa flow system. 
Approximately 30 upper flow system wells will be selected for calibration on the MMTS. The 
30 upper flow system wells will be selected from those shown in Table 4.8-3, Proposed 
Ground-Water-Level Measurement Network for OU III. Head residuals will be 
quantitatively presented. 

With respect to calibration of flux, field measured and time-averaged stream flows for stream 
reaches within the MMTS will be compared to stream fluxes for the corresponding groups of 
river package grid cells in the MODFLOW model. The timeaveraged stream flows will be 
derived over the same period as that for ground-water elevations. Because stream flows are 
more volatile than ground-water levels, the averaged field data may be more difficult to 
calibrate. Therefore, the calibration criteria for stream flows will be to attain fluxes that are 
reasonably comparable (approximately within a factor of z t  1.5) to field measured flows. 
Among other parameters, stream bottom (river) conductance will be adjusted to achieve the 
best calibration possible. The occurrence and relative magnitude of flow from seeps and 
springs as simulated by MODFLOW'S Drain Package will also be evaluated as part of the flow 
calibration. Quantitative seep flux calibration criteria are not possible because field 
measurements from most seeps are not feasible. Again, the calibration criteria for seep and 
spring flows will be to attain fluxes that appear reasonable. Reasonable flux rates from most 
seeps (see Figure 2.4-2 for locations) is in the range of approximately 5 to 25 gallons 
per minute. 

If reasonable calibration does not appear attainable, the conceptual model will be reevaluated 
and the numerical model modified, if necessary. This may include minor changes in boundary 
conditions or major changes in grid design. 

4.7.7.3 Flow Sensitivity Analysis 

A sensitivity analysis of both the unsaturated model HYDRUS and the saturated model 
MODFLOW will be conducted. 

L 

LJ 
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The flow sensitivity analysis for HYDRUS w i ~  include varying bo~ndary and initial ~ d i t i o ~ l s  
(surface flow and initial pressure or water contents) and the maitl soil hydraulic properties 
(van Genucchten parameters) that detearmne * unsaturatedhydraulic~ductivity. Model 
outcome will be documented with respect to these variations. The range of variation for each 
parameter or p u p  of parameteas tested in the sensitivity analysis wiu be based on perceived 
maximum and rninimUm values on the basis of widely diflkrent soil types, andor two standard 
deviations above and Wow the mean as obtained from site data or litemme research. 

Flow sensitivity analysis for M O D m W  wiu ccmsist of a medaudical Series of simulations that 
test the effect of changes in the vaIw of certain input parameters on the head distn’buticm and 
flux conditions of the calibrated simulation. The Sensitivity analysis wiU help quantify the 
uncertainty of the calibrated model caused by the uncertainty in the input parameters 
(Anderson and Woessner 1992). parameters such as boundary &tiom, hydraulic 
conductivity, and recharge will be varied, one at a time, within realistic ranges, and 
simulations will be conducted and compared to the calibrated simulation. The results of the 
sensitivity analysis will be presented quantitatively, for example, by tabulating resulting 
RMSE’s and/or residual head distributions. 

4.7.8 Developmemt ob Tnmsprt Modd 

This section discusses the development of the transport portion of the unsaturated flow and 
transport model HYDRUS and the development of the saturated tranwrt model MT3D 
(coupled to MODFLOW). Information is presented in two main Categories: model conditions, 
such as boundary conditions, initial conditions and grid design, and parametex estimation. 

4.7.8.1 Development of Unsaturated Transport Model 

The results of the unsaturated flow and transport model HYDRUS will provide a source term 
or transport boundary condition that exists at the phreatic surface of the upper flow system as 
input into MT3D. Depending on the site-wide distribution of C O P 0  in soil, HYDRUS will 
be used to generate zones of source term values for a particular COPC over the millsite and 
other portions of the MMTS. The concentration of contaminants in leachate from areal 
recharge that takes place on the mesa tops north and south of the MMTS but within the model 
domain, will be approximated in a range from zero (insignificant) to a MYDRUS calculated 
value on the basis of the concentration of contaminants within soil samples collected from the 
Reference Study Area. A minimum of three COPCs will be modeled by HYDRUS. 

Model Conditions 

Model domain size and grid development are developed under the flow model and are 
generally inherited by the transport model. The following modell development characteristics 
are anticipated. 
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The initial C O X  soil contamination data input to mRus will oaigiaate from soil chemical 

1994 oonfinnatory sampling effart, and theplanned 1995 soil sampling assocrated withthe 
analytical data from the 1991 Millsite 

Reference Study Area and risk -t task (Won 4.5). These analytical data are 
d d e r e d  c o d v e  because they are obtained by digesting a pulverized soil sample with 
acid which results in a total d y t e  concentration. In addition, it is assumed that the 

concentrations are expected from the less rigomus natural leaching process (infiltration of 
precipitation) that actually occurs. 

'on Study (Dames and Moore 1992), the 

additional mass of mtaminant in soil moisture is adsorbed to the soil. S d e r  d y t e  

In addition, because limited soil analyte concumation versus depth data exists, the maximum 
thickness of the contaminated soil profile will conservatively be equal to the anticipated 
thickness of the remaining native soils (not including fill added during site restoration). 

Boundary conditiolls 

Potential boundary contaminant fluxes involve 1) downward contaminant flux associated with 
areal recharge, and 2) upward contaminant flux through the lower boundary assocliited * 

contaminants in the ground water at the phreatic surface. Con taminant flux assoclsLted * 

with 
with 

areal recharge is relatively small compared to ground-water comtntions and will be 
considered negligible (assigned a value of zero). The migration of con taminants h m  ground 
water at the phreatic surface may initially be important in cases where initial cagillary flow is 
substantial in relatively clean soil. However, because HYDRUS actually solves for the 
concentration at the lower boundary, it is assumed that soil concentrations of COPCs are the 
dominant source of contamination. 

Parameter M i t i o n  

The primary transport parameters for the unsaturated model HYDRUS include I&, 
dispersivity, and decay constants. 

The estimation of the distribution coefficient &, will be obtained primarily from literature 
research. Literature research will focus on obtaining estimates of &for the COPCs of interest 
for similar soils (alluvium). Two additional investigations will be conducted to evaluate 
implied "field" I(d values on the basis of existing soil and ground-water analytical data. The 
first investigation will examine data from the only two monitoring wells (91-03 and 91-14) 
where both soil samples and ground water have been analyzed, and the second investigation 
will involve conducting a simplified mixing calculation on the basis of tailings lysimeter 
analytical data (source term) and ground-water analytical data downgradient of the millsite. 
These investigations should reveal the relative amount of retardation certain COPCs 
(a minimum of three) are experiencing within the upper flow system. Finally, laboratory I& 
(%) data that is the result of work performed for MRAP OU I and the Alternatives Analysis 
project will be evaluated for applicability to modeling. Unless ohenvise indicated by 
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literature research and the laboratov data, adsorption will occu~as descrii by a linear 8 ~th€m(Freundl ich~~tqequalsone) .  

~ v i t y w i n b e e s t i m a t e d  on thebasisoflitelamemx!arch. aesearch has shown that 
dispersivityis scaleand timedepdent. Thepame$erhasbeen edmated fortransport 
problems ranging in scale from laboratory d u m n  tests to actual field sites with migrating 
con taminant plumes. Far the case of applying HYDRUS to variably sahuated ttanspoR in the 
unsaturated portions of the uppea flow system, diqmsivity (longhdhal) is not expected to 
exceed approximately one third the expected o v d  distance of mataminant migration 
(the thickness of the unsaturated zone). 

m y  constants required for input to WYDRUS include coefficieats for both the dissolved 
phase and adsorbed phase. With the exception of radioactive COPCs, many of the COPCs are 
inorganic dements that are relatively recalcitrant or mndecaying; -fore+ the decay 
coefficients will be considenxl negligible. Decay coefficients for radioactive COPCs will be 

withthese 
elements relative to an approximate time frame of ground-water re!storatim. 
conservatively set at zero becaw of the g d y  long hal€-lives 8ssoc1sLtBd - 

4.7.8.2 Development d SEatrprated Transport Model 

The development of the transport model PM?3D (Zheng 1992), in part, parallels flow model 
development. MT3D is a modular threedimensional transport madel. The model is designed 0 to be used with any blockcentered finite element flow model such as MODFLOW. MT3D is 
based on the assumption that changes in the concentration field will not measurably a f f e c t  the 
flow field. MT3D uses a mixed Eulerian-Lagrangian approach to solve the threedimensional 
advective-dispersive-reactive equation. The chemical reactions included in the model are 
linear or nonlinear sorption and first-order irreversible decay or biodegradation (Zheng 1992). 
The version of MT3D used will accommodate the packages included in VMODFLOW 
and/or GMS. 

Site specific data that will be used to develop the saturated transport model includes ground- 
water and surface water sampling and analysis data. Because these data represent important 
and extensive sources of information with multiple uses in the madeling process, they are 
discussed separately below. 

Ground-Water and Surface Water Data 

The most fundamental data needed to continually evaluate the conceptual transport model and 
develop and calibrate the numerical transport model includes ground-water and surface water 
sampling and analysis data. Consistent and reliable sources of these data exist as a result of 
work conducted for the baseline characterization. A description of these data and plans for 
continuing data collection are discussed in the following paragraphs. 
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Gmd-Waer  smnpling and W s i s  

Analytical data are needed to detineate and monitor con taminant migration or occurreace 
within the alluvial aquifkr. Analytical data will contribute to the evaluation of source term 
location and ccmceatdon, r&dation, hydraulic dispdon, and overall contaminant 
mobility. The data wiU ke used in the numerical modding task to M o p  a dynamic average 
steady-sme condition for transport calkation and for initial condition and boundary cundition 
input. The data will lateabe used to confinn thepredided effectiveaess of remediation and/or 

conjunction with analytical data h r n  othex media to determine the COPCs on the basis of risk 
to human health and the environment. 

Wells were selected for sampling and analysis on the basis of two criteria (1) maintaining the 
sampling and analysis network developed for the baseline c- * 'on, (2) the inclusion of 
two wells installed in 1993 (well 201-2, an upper system well, located in the north portion of 
the millsite and apparently in an area near a potential source, and well 205, a Burro Canyon 
well, located approximately 1,500 feet northeast of the millsite), and the inclusion of eight 
new wells proposed in this Work Plan (Section 4.8.1). Maintaining the baselhe 
characterization sampling and analysis network will provide a consistent historical record of 
contaminant concentrations in ground water for OU XU. These w& are judged to have good 
spatial distribution and well integrity and are umsidexed to have suitable well screen 
completion intervals (DOE 1994b). Ground-water quality monitoring and the analytical 
program are described in Section 4.8.1.1 and 4.8.3, respectively. 

to V- medl model WOW. Finally, ground-water analytical data will be used in 

. 

Surface Water Sampling and A d y s i s  

Surface water sampling and analysis will be conducted at 13 Montefllma Creek stations, 
1 Vega Creek station, 2 seeps, 1 spring, and 1 outfall on the millsite (see Plate 2-2), to assess 
the degree of con tamination within surface water and its relationship with flow magnitude, 
surrounding ground-water quality, and surrounding soil contamination. Surface water 
monitoring results will Serve as a basis to evaluate changes in the surface water system before, 
during, and after source remediation, and will also be used to determine the COPCs on the 
basis of the risk assessment. 

During the OU III RUFS Project, surface water sites in the sampling and analysis network will 
be periodically reviewed. Sampling sites wil l  be added to or subtracted from the network to 
accommodate specific changes in project needs or issues. Section 4.8.2.1 describes the details 
of surfaix water quality monitoring task. 

Model Conditions 

In the MT3D model, sources of contamination are assigned as solute mncentrations, that is, 
concentrations dissolved in water. Therefore, contamination sorbed or otherwise 
mineralogically attached to soils and sediments cannot be designated as source. Source 
concentrations sorbed to solid material can only be indirectly assigned by initially specifying 
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ground-water COIlCentratiollS and a #e. The model will then simulate adsorpt~~ and 

coIlcentratioIIs and solid concentrations as conmled by &. MT3D does not apply adsorption 
isotherms to stream water and stream sediment. Therefore, amtaminant mass lost to surface. 
water will be removed entirely from the transport simuktio~. With the exceptioLl of 
evapotranspiration where mass flux is cansidered zero, the mtratim of sinks is generally 
not specified and are considered the concentration of ground water in the aquifer. 

desorption of ccplltaminants an thebasis of an assumed qllilibrimbetween water 

The devdopment of the transport model will focus 021 iden- sources and sinks of 

and internal sources and sinks. 
contamination on the AdMTS and tradatm - g them to hitial conditions, boundary conditions, 

Sources or sinks of contamhation external to the model are assigned at mcmdel boundaries. 
Boundaries to the model that allow flow will  be assig~ed a spedied am taminant concentration 
depending on their location. These sources or sinks are described - under boundary conditions 
and include the influx of con taminants at the surface due to migration of leachate in the 
unsaturated zone, and the influx of upgradient or background co- - 'on. Sourcesorsinks 
of contaminant flux internal to the model include Montezuma Creek and identified seeps and 
Springs. The source term for Montezuma Creek is described under initial conditions, and 
seeps and springs are discussed under internal sources and sinks. 

Model domain size and grid development are developed under the flow model and are @ inherited by the transport model. To increase the efficiency of the MT3D transport 
simulations, however, the domain will be reduced to the actual domain over which transport is 
expected to occur, i.e. the Montezuma Creek alluvial canyon. The following model 
development characteristics are anticipated. 

Initial Conditions 

Initial conditions will be established for both the transient transport calibration step and the 
find transient simulations. To initiate transport calibration, initial concentrations of COPCs in 
the entire reach of Montemma Creek within the MMTS will be represented by concentrations 
as measured and averaged at current upgradient stream stations. This assumes that current 
upgradient concentrations are representative of concentrations in all of Montezuma Creek prior 
to operation of the millsite. Similarly, ground-water concentrations of COPCs in the entire 
upper flow system will be represented by concentrations in wells upgradient of the millsite. 

Similar to the flow model, the initial conditions for MT3D transient simulations will be 
represented by the results of transport calibration. Transport calibration (see below) will 
attempt to reproduce dynamic steady-state average concentrations in ground water and surface 
water. The dynamic average steady-state ground water and surface water COPCs 
concentrations will be obtained by averaging the quarterly and semi-annual laboratory 
analytical data from samples collected from the established network of sampling wells and 
surface water stations for the period of record' (November 1992 to November 1995). 
Anomalous measurements will be evaluated on a case-by- basis. Average concentrations 

4 
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fora minimum of three COPCs will be assigned for each reach of Montezuma Creek, as 
dehed by the established surface water statiansand for wells in the upper flow system that are 
part of the sampling and analysis 0etwork 

Theimportanoe of establishing the dynamic average steady-state concentrations as initial 
conditions for the final transient simulations becomes appareat when approaching the problem 
ofdesoq~tion of con taminants in aquifer sediments. Stream-m sediment sorption is not 
modeled in MT3D. Once initial conditions are established for am taminants in ground water, 
cOrzeSpOnding concentrations are .assigneda to the solid phase by MT3D, dependins on the 
adsoq~tioddes~rption equilibrium as controlled by &. Transient simulations will then begin 
with a given amount of contaminant sorbed to the solid phase, as determined by initial ground- 
water concentrations. I 

Selecting boundary conditions for the transport model A4T3D hvolves asSigning COPCs 
concentrations to surface and ground-water sources in the modeled domain, including surficial 
sources (recharge or leachate concentrations). COPCs in ground-water &flow at the 
upgradient western boundary will initially be assigned timeaveraged co11centratons. For the 
alluvial aquifer, the average concentrations will be based on labaratory analytical data from I 

samples collected at upgradient wells (wells 9241 and 9243). 
east of the west model boundary, between Highway 191 and Loyd's Lake, it is assumed that 
ground-water concentrations of COPCs in these wells are approximately equal to 
concentrations that are actually at the boundary, approximately 2,W feet to the west. After 
remediation, the concentration of COPCs in leachate from infiltrating precipitation may vary 
with time. The boundary condition input to MT3D will reflect the relationship between 
leachate concentration influx and time, as determined by the unsaturated 
modeling (HYDRUS). 

these wells are located 

Inremal Sources and Sink 

Sources or sinks of contaminant flux internal to the model include Montezuma Creek and 
identified seeps and springs. Montezuma Creek will be considered an internal line source for 
initial conditions only (see above). Once a transient simulation is initiated, Montezuma Creek 
will act as a line source to the aquifer in areas where the stream is losing. The stream acts as a 
line sink for contaminants in areas where the stream is gaining. Once con taminants in ground 
water enter the stream, they are no longer available for contribution to the aquifer at a 
downstream reach of the stream. The model does not take into account mixing with the stream 
and will not calculate the COPC concentrations in surface water in Montezuma Creek for any 
given point or time. 

Defining Montezuma Creek as a line sourdsink can be viewed as having both conservative 
and nonconsedve characteristics. It is possible, for example, that in later time in transient 
simulations, the stream will act as the only source of con tamination to the aquifer in places. 
This situation will add more contaminants to the ground water than conceptually expected. In 
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other insGrnces , the rwnoval of mass by way of the creek, never to be allowed to reenter the 
aquifer again, is a noncomemab ' v e v .  ahe transfll of C x m e t  massbetween the 
stream and aquifer will be monitored as modeling progresses. If-, modifications to 
the model will be made, ifpossible, to more realistically simulate contaminant interchange 
between theaquifer and stream. 

To arrive at an estimate of stream CQPC concenixations at aparticular location, the 
relationship between con taminant c~~~centrations in Aaontezma Creek and adjaceat ground- 
water concentrations will be analyzed. Should this analysis reveal a strong positive comelation 
(similar concentration magnitudes and trends), ground-water concentrations may be used to 
approximate stream concentrations. If there appears to be apoorcorrelation between ground- 
water concentrations and stream concentrations, stream concentratiolls will be estimated for 
specific locations using a computer algorithm that will calculate concentrations on the basis of 
a mixing equation and MODFLOW/MT3D river cell output. 

Sampling and analysis data from seep and spring sources will be used to detesmine if 
significant quantities of CQPCs are contributing to Montezuma Creek and the upper flow 
system. If it is judged that significant seep flow and therefore con taminant flux is contributing 
to the ground water and surface water of the IWWI'S, the W v e  seep or Spring will be 
assigned a specified concentration on the basis of sampling and analysis data. Depending on 
remediation activities, it is anticipated that Slade Spring, the largest Spring identif~ed on the 
MMTS, will be modeled as a point source of flow and contaminaton to Montezuma Creek. 8 Modeling the other seeps as point sources of contamination is not likely because of the small 
or diffuse and undiscernible amount of flow characteristic to these seeps. 

Parameter Estimation 

The primary transport parameters needed for MT3D include K,, and disperslvity. Existing 
sources of data that will support parameter estimation for the transport modeling include, but 
are not limited to: 

9 #d estimates for the alluvial aquifer. These will initially be estimated from literature, 
previously conducted laboratory work for the Alternatives Analysis Project (DOE 1994a) 
and Far South Site work for OU I (DOE 1993a), and from an examination of soil and 
ground-water a n a l p a l  data as described in the K,, discussion in Section 4.7.8.1. 

e Dispersivity (longitudinal and transverse) for the dluvial aquifer. These will initially be 
estimated from literature on the basis of Scale of the distribution of contaminants at 
the MMTS. 

Final values of both & and dispersivity will be obtained through transport calibration. 
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Initial transport simulations for b t h  HyHlRUS and MODFLDW/MT3D will Ibe conducted to 
test for general model performance and feasonable output. This subtask will serve as a test for 
the compatibility of the established conditions indicated by the Conceptuat model and the 
numerical model's ability to perform under those amditions. During this time, "bugs" that are 
preventing swxssful simulations will be identified and correded. Should initial conceptual 
represeatations or conditiolls repeatedly result in madel noncmvergence or excessive run 
times, alternate simplified ConditioIlS may be implemented until succadd, represeartative 
model simdations are attained. Initial runs will be followed by transport calibration. 

The goal of transport calibration is m lend additional confidence to overall model performance. 
Although the reproduction of existing con taminant plumes using plausible input parameters 
would indicate that this goal has been met, caution should be used in asoaalm * -gahighdegree 
of certainty or confidence in subsequent mcxiel simulations or predictions. Reasons for this are 
that the advectiondispersion equation solved by the transport model is an approximation of the 
theory of contaminant transport, and a calibrated solution is not a unique solution. 
Furthermore, the flow model itself is only a model and cannot be expected to fully replicate all 
the flow characteristics of hydrogeologic system. 

No transport calibration of the HYDRUS model will be conducted. This model is being used 
to estimate source term concentrations using one-dimensional calculations; no specific field or 
laboratory data exist to support transport calibration of this model. However, regarding 
overall model performance, several verification and validation problems are presented in the 
HYDRUS manual (Kool and van Genuchten 1991). 

Calibration of the MODFLOW/MT3D transport model will involve conducting manual trial 
and error transient simulations in an effort to reproduce three dynamic-averaged COPC 
concentration distributions in the ground water of the upper flow system. Each dynamically 
averaged concentration distribution will represent an average concentration for that COPC for 
the period identical to that used to calculate a dynamic average steady-state head distribution 
(as used in flow calibration). The transient transport calibration simulations will be initiated 
using dynamic average steady-state flow conditions and averaged ground-water and surface 
water COPC concentrations. The upgradient baseline concentrations of COPCs, although 
relatively small compared to millsite area concentrations, will be evaluated and may be input 
as initial upgmdient source term concentrations. The primary input parameters that will be 
varied during calibration are, source term initial conditions, distribution coefficient, and 
dispersivity. It is expected that dispersivity will be derived during the caliiration process. 

Because contaminant distributions in ground-water (as illustrated in the Baseline 
C- * 'on Data Summary report (POE 1994b1) indicate that tailings on the miIlsite are 
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estimated for source areas OQ the millsite only. should the primary tzdihtim effort indicate 

data from theconfirmatory and riskassessment sampling will be used to estimate source 
term(s) in this area. 

that secondary so- are needed downgradient of the m t e ,  then S Q ~  sampling and analysis 

Data that will contribute to source term estimath for the millsite are tailings pile lysimeter 

or in saturated alluvium immediately below tailings. The lysimeter data consists of one 
sampling event of 5 lysimeters that were installed on the four tailings piles OLI the millsite in 
1991. It is expected that the lysimeter data will be used in two ways. First, data that was 
collected in lysimeters immediately above the phreatic surface will be used directly as &urce 
term concentrations. Second, data that was c o l l a  from lysimeters some distance above the 
phreatic surface will be input into the HYDRUS model to estimate leachate amcentralions for 
source term. Lysimeter samples colkted approximately 10 fi or greater above the phreatic 
surface may warrant modeling With HYDRUS as the capillary fringe zme is not expected to 
exceed this height. The ground-water analytical data is from wells sampled as part of the 
established baseline characterization netwok If necessary, the EIyH)RUS model will be used 
to approximate source term in downgradmt areas using the same approach described under 
Section 4.7.8.1. 

analytical dah, and groUnd-water analytical data from wells Within tailings 

Calibration will be considered complete after the following transport calibration criteria are 
met: (1) demonstrate reasonably comparable reproductions of the dynamic average 
concentration distributions for three COPCs in ground water on the MMTS, ann/m (2) for 
each well for which baseline analytical data exist, achieve simulated concentrations that lie 
within plus or minus two standard deviations of the mean concentration for the well. The 
relevancy of the second criteria takes into account the relative percent difference (RPD) that 
exists for field duplicate data for different ranges in concentrations. Therefore, any simulated 
concentration that falls inside the plus or minus two standard deviation range will ;be 
considered calibrated and there will be no asxxiated residual concentration. However, for 
cases where the simulated concentration falls outside of the plus or minus two standard 
deviation range, a RMSE will be calculated. The RMSE will be calculated on the basis of the 
sum of the differences between the concentration at the plus or minus two standard deviation 
bound and the simulated concentration (that falls outside of the plus or minus two standard 
deviation range). The RMSE will allow an overall assessment of calibration quality. The 
second criteria will only be conducted if project schedule allows. 

This calibration approach was selected because of the large range in observed COPC 
concentrations over the EvlMTS, and the inherent variation and uncertainty associated with the 
complex task of sampling and1 analysis. Other complications that contribute to transport 
calibration error include the following: (1) concentrations will be calibrated against time- 
averaged values (transient conditions not reflected in the model), @) grid cell sizes that do not 
reflect small scale heterogeneities, (3) variabilities in well screen length (Le., depth-averaged 
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amcentraticms), (4) interplation problems between actual well locations and grid nodes, and 
(5) Problems - * with field and analytical meas-ts (Anchon and 
w0essner 1992). 

The transport seasitivityanalysis for HYDRUS will includevarying bundaq and initial 
conditions (SUrEbce con taminant flux and initial soil con taminantconcenttations)andthesoil 
hydraulic properties (van Genuchten parameters) that wntrol the value of the unsatmted 
hydraulic conductivity. Model outcome will be documented with respect to these variations. 
The effect of diffkent h d a r y  amditions will be examined by asignhg a con taminant flux 
at the surface boundary, representing hypothetical precipitation COIltaminant conmtraticjns. 
The lower boundary will not be varied as it is not typicaUy assigned ccpncentratians. The range 
of variation for soil con taminant concentmticms will bebased on field measured maximum andl 
minimum values and/or two standard deviations above and below the mean. The soil 
hydraulic p e e s  will be varied collectively, representing a wide range in soil types, as 
conducted in the flow SeElSitivity analysis. 

Transport sensitivity analysis for MODFLOW/MT3D will consist of a d e s  of simulations 
that test the effect and uncertainty of various input param- on model output. Parameters 
such as initial source-term concentrations, boundary condition mcentrations, distribution 
coefficient, and dispersivity will be varied within realistic ranges, and simulations will be 
conducted and compared. In addition, flow model parameters such as hydraulic conductivity 
and areal recharge will be varied to illustrate uncertainty effects on transport results. The 
secondary modeling objective to predict exposure point concentrations based on varying source 
terms for select metals (remaining at the millsite after remediation) will be accomplished under 
the transport sensitivity analysis task. Initial source-term concentrations will be varied within 
ranges determined by HYDRUS results. Ranges of concentrations of select metals in so& 
remaining on the millsite will be calculated from existing data for native soils samples 
collected from boreholes on the millsite (Dames and Moore 1992). An anticipated procedure 
will be to obtain summary statistics from this analytical data and conduct simulations using 
factors of the standard deviation as potential maximum and minimum limits to source 
term concentrations. 

It is assumed that the transport sensitivity analysis will have similar results for any COPC 
used; therefore, only the COPC with the greatest apparent mobility will be assessed for 
sensitivity analysis. The results of the sensitivity analysis will be quantitatively presented by 
tabulating resulting RMSEs. 

4.7.10 Conduct and Evahate F i  Transport Sinm~Pati~pls 

The final transient transport simulations will consist of runs where the best estimated values of 
input parameters are used (those used to achieve flow and tranm Calr'bratbn), in addition 
specific input concerns related to risk assessment and/or the performance and feasibility of a 
passive remediation technique. 
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a Transient flow and transport simulations for post-remediation scenarios will be initially 
conducted for the pi& of lo,=, and 70 years for three C o r n .  These initial simulations 
will satisfy the first objective (see objectives in section 4.7.11, to predict future exposure pint  
concentrations of select corn in surface &r;ltea and g r o d  water. cox amcealtration 
contour plots for each sinaulation will be presented. If necessary (see Internal Sources and 
Sinks, this section), average surfaoe water cOncentratioIlS of CQFCs wil l  be calculated for 
specific lacations on the basis of MQDFLDW and MT3D individual grid cell flux data. Pn 
grid d s  where the stream is gaining, the rate of this gain and tbe average ground-water 
CQFC concentration as p d ~ c t e d  by the models will be used in a miXing calculation with the 
approximated volume and C O X  concentration in surface water in the comqxmding stream 
reach. In reaches where the stream is losing, the concentration wiU be approximated on the 
basis of the assigned average initial condition concentration in the reach and/or the 
approximated concentration in the upstream reach. 

. 

Subsequent simulations will be conducted until the second objective is satisfied. Specific 
simulations will be conducted and refined to within plus or minus 5 years of the time required 
for exposure point concentrations of the selected C O P 0  in surface water and ground water to 
dilute by hydrodynamic dispersion to levels that are protective of human health and the 
environment and meet the other reference criteria (MUS, ARARS, background 
concentrations, risk-based concentrations, and other TBC Criteria). Again, concentration 
contour plots will be presented. The secondary objective to predict exposure point 
concentrations based on varying source terms for select metals remaining at the millsite after 
remediation will be satisfied under the transport sensitivity analysis task (see above). The 
secondary objective that concerns support and/or potential c o n h t i o n  of the hydrogeologic 
conceptual model will be realized in calibration efforts. Finally, the secondary objective of 
predicting exposure point concentrations for select COPCs in surface water and ground water 
for response action alternatives pertains to applying the model to potential alternatives defined 
in the FS. 

Upon completing the final flow and transport simulations, the DOE will evaluate the range of 
possible outcomes. Results of these simulations will be made available to the EPA and State 
for review and comment prior to the documentation of modeling results. 

4.7.11 Documentation of Results 

Documentation of the ground-water modeling results will be incorporated into the RI report 
and follow a format similar to this Work Plan. Brief descriptions will be made of subtasks 
such as establishing boundary conditions, designing the model grid, and defining sources and 
sinks. Documentation of tasks such as model calibration and sensitivity analysis will partially 
rely on a graphical and tabulated presentation of results. The final flow and transport transient 
simulations will similarly be graphically presented by individual COPCs within a specific 
transient simulation time (e.g., 25 years). 
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An annual monitoring pgram for surface water and g r a u n d  *was initiated in 1992 
(DOE 19926) and will continue as the Annual Monitoring Task at least through completion of 
the OU III Propsed Plan and RQD for these media. Annual M o n h i n g  Task activities 
include collection of ground-water and surface water samples for chemical analysis, 
monitoring surface water discharge at locationS within and periphd to Mmtezuma Creek, 
and monitoring ground-water levels in the primary hydrostratigraphic Units of the study am. 

The &round-water and surface water monitming activities implemented under the Annual 
Monitoring Task will directly support the Ecological Risk Assessmat, Human Health R$k 
Assessment and Ground-Water Modeling Tasks identified previously in this document. With 
the exception of the installation of new monitoring wells proposed under this Work Plan, the 
rationale and design for each Annual Monitoring Task activity, as well as the intended use of 
the data obtained, are developed fully in the study designs of Sections 4.5 and 4.6. 

4.8.1 WeIE Hnstrnllation 

Eight new wells are to be installed cross- and downgradient of the millsite to monitor water 
quality and hydraulic gradients in the alluvial aquifer, Dakota Sandstone, and Burro Canyon 
aquifer. However, one of the eight wells, well 92-05, will only be installed ifa nearby existing 
well, well P92-04, cannot be sufficiently developed for waterquality monitoring. The well 
locations are shown on Plate 2-2. 

Two (potentially three) alluvial monitoring wells will be installed in the alluvial valley 
downgradient of the millsite. These wells will lbe used to help assess the extent of COPC 
contamination in the alluvial aquifer. Two of these wells, 95-01 and 95-03, wiU be installed 
downgradient of the existing eastern-most (or downgradient-most) alluvial well, well 92-09; they 
will be paired with Burro Canyon wells 95-02 and 95-04, respectively. The remaining well, well 
95-05 will be installed only if existing alluvial well P92-04 cannot be adequately developed to 
yield suitable water for sampling purposes. Well95-05 would be installed approximately 2300 f€ 
east of the millsite on the northern margin of the valley. Assessment of ground-water quality at 
this location will help delineate extent of contamination in the northern portion of the alluvial 
aquifer. AU of the proposed alluvial wells will be paired with new BUKO Canyon wells to assess 
vertical hydraulic gradients between the alluvial aquifer and the underlying bedrock unit (at well 
site 95-05 Dakota Sandstone exists between the alluvium and Burro Canyon aquifer). Finally, 
the new alluvial wells will also be used to evaluate horizontal hydraulic gradients within the 
alluvial aquifer. 

On the basis of existing well data, it is anticipated that the encountered alluvial material will be 
thin, between approximately 10 and 20 A. As a result, well' screens will probably be no greater 
than 10 fi long. Well casing diameters will be 2 inches. The alluvial wells will be installed using 
air rotary or hollow stem drilling methods, and all boxing will be logged for lithology on the basis 
of split-barrel samples obtained during drilling. 



Four of the wells, 95-02,95-04,95-06, and 95-08 Win be installed in the Burro Canyon aqsm 
downgmdkntofthemillsite. Oncektalled,thesewells,hIwconplnctionwithexkfingBurro 
Canyon wells, will form a critical well ne$workthat will beusedto monitor water quality in the 
Burn, Canyon aqaer. The reakime analytical data collected h m  these wells will provide the 
basis for d g  the potential migration ofCOPC wntammt~ 'ontotheBurr0 Canyon aqdm. 
Collectively, d of the Burro Canyon wells will also be used to assess the Paorizontal hydraulic 
gradiemtswithintheBurro Canyon aquiferandwheregairedwith aliuvial wells, to assess vertical 
hydraulic gradients. 

Burro Canyon wells 95-02 and 95-04 are to be located in the eastern portion of Upper 
Monteplma Creek on and paired with alluvial wells 95-01 and 9543, respectively. The main 
purpose of these wells is to monitor water quality in the Burro Canyon aquifkr in an area that is 
1) a sisnificant distance downgradient or east of the existing eastem-most Burro Canyon well1 92- 
10, and 2) where the Burro Canyon Formation subcrops directly underneath the alluvial aquifer. 
Burro Canyon well 95-06, located on the northem margin ofthe alluvial d e y  between the 
millsite and well 92-10, and Burro Canyon well 95-08, located on the highlands just west of the 
municipal waste water lagoons, have been located in these northem positions to assess potential 
downgradient and due east migration of contamination from the millsite. Well 95-06 will also be 
paired with an alluvial well, either a new well, 95-05, or adsting well P92-04, ifthis well can be 
developed adequately to yield suitable water for sampling. 

BUKO Canyon wells will be completed within the upper portion of the Burro Canyon Formation. 
It is anticipated that screened intervals will extend from 10 to 20 ft below the top of the aquifer. 

prevent aquifer cross-contamination during and after installation. Borings will be cored through 
bedrock intercepts and logged for lithology. 

0 The wells will be 4-inch diameter wells, completed using air rotary methods and designed to 

The remaining well, well 95-07, is to be installed in the Dakota Sandstone, several hundred feet 
north of the east end of the millsite. The purpose of this well is to monitor water quality in the 
Dakota Sandstone at a location between the millsite and the City of Monticello. Water quality 
data fiom this well will provide the information needed to assess the potential migration of 
contaminated ground water fiom the millsite area to the north. Water level data collected fiom 
the well will be used to assess horizontal hydraulic gradients in the Dakota Sandstone in the area 
of the millsite. 

The well will be completed in the first encountered ground water that exists below the projected 
alluvial aquifer water table elevation that exists on the millsite. Because the Dakota Sandstone is 
variably saturated and of low pemeability in this area (see Section 2.4), the detection of small 
amounts of ground water may be difIicult. Therefore, driIling will be conducted using particular 
care and effort to detect s d  zones that bear ground water. For example, any suspected or 
detected increase in moisture either observed in core, drill cuttings or vapor, or detectable change 
in drilling behavior will be noted. Such occurrences willlbe evaluated, and ifraecessary, drilling 
will stop and the boring will be tested for the presence of ground water. Once ground water is 
encountered or strongly indicated, a 5-ft long, 2-inch diameter well screen will be installed in the 
water bearing interval, using conventional installation methods. The Dakota Sandstone well will 
be drilled using air rotary methods and designed to prevent aquifer c r o s s a U  'on during 
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and der installation. The boringwill be cored through thebedrock btemept and logged for 
lithology. Ifno Water-bearing intervals are enwuntered betwexn the top of the Dakota Sandstone 
and the Burro Canyon Formation, the borehole win be abandoned. 

All wells will be designed using specifications (e.g screen slot k), that have been swxdidly  
used in previous drilling and well installation work for QU IlI. 

Ground-water monitoring schedules for the new weIls are d i d  in the following sections. 

Ground-- sample collection and laboratory analysis will be umdwted to monitor 
contaminant coIlceatratioIls and distriiutim and geochemical parameters, within the 
hydrostratigraphic units of the study area. A detailed description of the Site hydrostratigraphy 
is in Section 2.4 of this document. 

Gmurui- Waer Sampling Lucations 

Ground-water samples will be obtained from 36 ground-water monitOring wells for laboratory 
analysis under the Annual Monitoring Task. Table 4.8-1 sum- the ground-wae 
sampling wells according to well location relative to the millsite and water bearing formation. 
The locations of the ground-water quality sampling we& are shown in Plate 2-2. 

As indicated in Table 4.8-1, the upper-flow system will be sampled at 22 well locations, 
including 3 wells lacated hydraulically upgradient of the millsite, 8 wells located on the 
millsite, and 11 wells downgradient of the millsite. The Burro Canyon aquifer will be sampled 
at 10 well locations, including 3 upgradient wells, 1 millsite well, 1 cross-gradient well, and 
5 down-gradient wells. The lower Dakota Sandstone formation will be sampled at 3 well 
locations, including 1 upgradient, 1 cross-gradient, and 1 downgradient location. The 
remaining sampling well is completed in an internal of saturated lower Dakota Sandstone and 
the upper B u m  Canyon aquifer and is located downgradient of the millsite. 

With the exceptions of wells -2-02, P92-04, P92-09, 36SE93-201-2, 31ME93-205, and1 
wells 95-01 through 95-08 (Table 4.8-l), the Annual Monitoring Task will utilize the wells 
which comprised the ground-water sampling and analysis network of the Baseline 
Characterization. Wells P92-02, F92-04, and P92-05 were installed as piezometers during 
Baseline Characterization. Although these wells were originally instaIled to measure water 
levels, their construction is similar to a l l  other upper flow system monitoring wells, therefore, 
following development of these wells, samples collected from these locations will ;be 
representative of the water quality at each location. If well F92-04 does not develop 
sufficiently to become suitable for sampling, then a third upper flow system well (95-05) will 
be installed (see following paragraphs). 

Wells 36SE93-201-2 and 31NE93-205 were installed during the Alternatives Analysis Project 
(DOE 1994b), and were subsequently added to the OU HI annual monitoring 
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igW& 
Millsite 
82-3OB 31sw9143 
824A 31-1-14 
8242 3lSW91-23 
82-31B-E 36sE93-201-2 

network. Shallow ground water was encountered during installation of well 3-3-201-2, 
extending the previously estimated boundary of the upper flow system. The well was 
appended to the network due to relatively high concentrations of uranium and vanadium 

detected in samples collected during the April 1994 sampling round and confirmed by the 
October 1994 sampling results. The analytical results imply the existence of a potential 
contaminant source area (previously unidentified) at or upgradient of this location. 

Well 31NE93-205 was installed in November 1993 approximately 1,500 ft northeast of the 
millsite and is completed in the Burro Canyon aquifer. It was first sampled in April 1994. 
The well will continue to be sampled as a cms-gradient well to monitor background water 
quality in the Burro Canyon aquifer immediately north of the millsite. 
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Wells 95-02,95-04,95-06, and 9548 are proposed Q o w n g d h t  Bum Canyon wells; wells 

is a proposed wss-gradient lower Dakota sandstone wd. These proposed wells are 
scheduled to be installed during odober and November 1995. 

9541,9543, and 95-06 are proposed downgradht uppea flow systean wells; and well 9547 

QtherrnadificaticmstotheariginalBaseline~ 'on sampling and analysis network 
include reCOIlStNCtion of wedl 84-77 (renamed 93-01] and substitution of well 31SW91-03 for 
well 82-36A prior to the October 1993 sampling d. During the OU III RUFS project, the 
sampling and analysis network will periodically lbe reviewed and wells may be added to or 
subtracted from the network to aocommodate specific changes in project needs or issues. 

Sampling Frequency: inorganic Analyta I. 

Ground-water sample collection under the Annual Monitoring Task will armr semiannually, 
except for wells installed during October and November 1995 and wells P92-02, P92-04, and 
P92-09. At these wells, sampling will OCCUT approximately quarterly for the first year of 
sampling and then semiannually after the first year wintiding with the other semiannual 
sampling rounds. All samples will be analyzed for the inorganic parameters listed in 
Table 4.8-2, with the exception of nitrite, noted in the following paragraph. The semiannual 
rounds will coincide with periods of typical high seasonal water lev& (April) and low seasonal 
water levels (October), as inferred from previous investigations and historical records (refer to 
Sections 2.0, 3.0, and 4.7 of this document). Each sampling round is anticipated to begin 
approximately mid-month. The semiannual ground-water sampling rounds will proceed 
concurrently with the surface water sampling program described in Section 4.8.3 of this 
document. 

Nitrite (Table 4.8-2) will only be analyzed in samples from well 31SW91-23. DOE-GPO, 
DOE-HQ, EPA Region Wn, and State of Utah concurrence to reduce sampling and analysis 
for nitrite to this single location was achieved prior to the October 1993 semiannual sampling 
round. Since the initiation of the annual monitoring program in 1992, results indicate that 
nitrite concentrations have not been increasing in samples from this location. If future results 
indicate increasing nitrite concentrations at this location, additional downgradient monitoring 
wells will be considered for nitrite analysis in subsequent sampling rounds. 

Ground1 water parameters that will be measured in the field include allralinity, temperature, 
pH, electrical conductivity, dissolved oxygen (DO), Eh, and turbidity. 

Sampling Frequency: Organic Compound Analytes 

On the basis of the results of the Baseline Characterization, DOEGJPO, DOE-HQ, €PA 
Region Vm, and State of Utah concurrence to conduct annual sampling for the organic 
compounds listed in Table 4.8-2 in five upper flow system wells was achieved prior to the 
October 1993 sampling round. 
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0 Sampling for@ analytes at the fiveupper flow system wells b anticirratpA to occur during 
the April semiannual sampling munds. The pmposed sampling ktcatkm include well 92-05 
(upgradient well), well 88-85 (immediately downgradient of the mirldte), and three upper flow 
system wells located on the millsite. Thethree milkite wells willbe selected from thecurrent 
sampling network to provide a wide geographic distribution of Organic compound monitoring. 
A different set of millsite wells will be selected for organic compound sampling and analysis 
for each successive annual round. 

Growrd-Wiuer-Level Monitoring LQccrtionr 

Ground water levels will be measured in a total of 99 monitoring wells. Table 4.8-3 
summarizes the ground-water-level monitoring network according to the fcnmation in which 
the well is completed. The locations of the ground-water levd monitoring wells are shown in 
Plate 2-2. As indicated in Table 4.8-3, the monitoring well network coIlsists of 72 wells 
completed in the upper ground-water flow system, 23 wells completed in bedrock, and 4 wells 
completed in the W o w  zone of the Near South Site (NSS). several of the 1993 NSS shallow 
zone wells and millsite wells were completed at the intercept of first ground water. 
Completion intervals include alluvium, weathered Manc~s Shale, unweakred Manas Shale, 
or a combination of these strata, depending on location. On the MMTS, these first-water 
wells are classified as upper flow system wells if the screen interval is within weathered 

bedrock wells. 
@ bedrock. If the screen intend is below weathered bedrock, the wells are classified as 

Table 4.8-3. Proposed Ground-Water-Level Measurement N m r k  for QU XI1 
~_______ 

Location Well Number 

upp?rFaowsystem 8247 
(upgradient. milleite, 8248 
end downgradient) 8249 

82-15 
82-20 
82-3OB 
82-31B-E 
82-36A 
824A 
8242 
82-5 1 
82-52 
8845 
3 1SW91M 

3 1SW91-03 
31SW91-04 
3 1SW9 1-07 
31SW9148 
3 1 SW9 149 
3lSW91-13 
31 SW91-14 
3 1 S W91-15 
3 1SW9 1- 18 
3 1SW9 1-23 
3 1s W91-24 
3 1SW91-25 
3 1s W91-26 
3 1SW91-27 

3 1SW9 1-28 
31SW91-33 
3 1s W 9  1-34 
3 1SW91-35 
3 1 SW91-36 
3 1 SW91-38 
3 1 S W91-39 
3 1 S W9141 
31SW9142 
3 1SW91-46 
3 1 SW91-50 
3 1 SW9 1-52 
3 1 SW9 1-53 
3 1 SW9 1-54 

3 1 SW91-55 
3 1 SW91-56 
36SE91-58 
36SE91dl 
36SE91-71 
36sE91-73 
36sE9 1 -76 
36sE91-84 
92-01 
92-03 
92-05 
9247 
9248 
92-09 

92-1 1 
P92-01 
F92M 
P92-03 
P92-04 (or 954x59 
P92M 
P92a 
P92-07 

P92-09 
31SW93-198-2 
3 1SW93-204 
36sE93-20 1-2 
95-01' 
95-03' 

Shallo,r zone 3 1s W93-194 3 1SW93-197-5 
W S )  3 1s W93-195 

31 SW3-1% 
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T&k 42-3. Mped Gmd-Water-Level M e u s w n t  N m n A f b r  OU III (Continued) 
~ 

Lacatha Wepl Number 

b w e r  I b b C l s  . 31s-1974 31-202-2 31SW93-2M-2 
(millsite a d  NSS) 31SW93-2CG3 31tW93-203-2 

IAnverllhko&l 92-12 31!W93-197-3 
!3adauE 92-13 3lSW93-200-2 

downgradient, and NSS) 

b w e r  IWKota 83-70 
Sandstone/BIPrro . 
CaayOgAqpif- 

(upgredimt, millsite. 9547 

(downgradient) 

92-10 
93-01 

Burro cnqyon 9242 31s-197-2 95M" 
Aquifer 92-04 31Sw93-U)o-l %aa 
(upgradient, milleito, 9246 31NE93-205 95- 
downgradient, and NSS) 95-0s" 

'Proposed-arell- wells to be i t ldied octobmlNove4nbetr 1995. 

Wells that have been omitted from the original Baseline 
Baseline Quuocterization Data Swvnary, DOE 1994b) because they have since lbeen 
abandoned or are typically dry, include 8241 ,  8245B, 82-46, 82-57, 84-74, 84-75, 84-76, 
84-77, 31SW91-21, and 31SW91-22. Wells not included in the Baseline characterization but 
added to the water-level measurement network include: 

. 'on list (Table 3.3-1, 

0 

e 

Wells 31SW93-198-2, 31SW93-2W, and 36SE93-201-2 included as new upper flow 
system wells on the MMTS. 

Wells 31SW93-194, 31SW93-195, 31SW93-196, and 31SW93-197-5 included as NSS 
shallow zone wells; water levels will allow assessment of ground-water flux from the NSS 
to the MMTS. 

Wells 3 1SW93-202-2, 3 1SW93-203-2, 3 1SW93-204-2 included as new first-water lower 
Mancos Shale wells on the millsite's north boundary; water levels will allow assessment of 
ground-water flux to the M M T S  from the north. 

Wells 31SW93-2W2 and 31SW93-200-3 included as new lower Dakota Sandstone and 
lower Mancos Shale wells, respectively, will allow continued monitoring of vertical 
hydraulic gradients between hydrostratigraphic units near the western boundary of the 
MMTS . 

0 Wells 31SW93-197-3 and 31SW93-197-4 included as new lower Dakota Sandstone and 
lower Mancos Shale wells, respectively, will allow continued monitoring of vertical 
hydraulic gmhents between hydrostratigraphic units near the southeast comer of the 
m. 
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0 

W& 93-01,31SW93-197-2,31SW93-200-1, and 31pJE93-206 included a~ new Burro 

constructed to monitor hydraulic gradients and flow directions. 
Canyonwells;~lev&will~owlocalmapsofpo~tio~headcontourstobe 

Wells 9542,95-04,95-06, and 95-08 included as PrapOseQ new Bum Canyon 
downgradient of the mindte; water levels will allow local maps of potentiometric head 
contours to be o~nstructed to monitor hydraulic gradients and flow directions. 

wells 9541,9543, and 9545 included as proposed new upper flow system wells 
downgradient of the milldte; water levels (when compared with water lev& from paired 
B m  Canyon wells 95-02,95-04, and =a, nspxtivdy) will allow continued 
monitoring of vertical hydraulic gradients between hydmtratigraphic units. 

Well 95-07 included as proposed new lower Dakota sandstone well cross-gradient of the 
millsite; water levels will allow l d  maps of potentiometric head contours to be 
constructed to monitor hydraulic gradients and flow directions; this well will also provide a 
water quality monitoring point in the Dakota Sandstone between the millsite and the City 
of M o n t i d o .  

Local seeps and springs will also be monitored for flow during the ground-water level 
measurements events. The seeps will be used fo approximate the ground-water devation at the 
respective locations and to assess the relative significance of flow at each area. The seeps and 
springs that will be monitored for flow are identified in Section 4.8.2 and are shown in map 
view in Plate 2-2. The location of each seep and spring will be surveyed for horizontal and 
vertical position, as described in Section 2.7 of the Field Sampling Plan. 

The water-level measurement well network will be periodically reviewed and updated as 
neceSSary to accommodate project objectives throughout the QU III RI/FS project. This may 
include adding or subtracting wells from the network and/or changing the frequency of 
measurements. 

Ground- Water-Level Monitoring Frequency 

Ground-water levels in the monitoring wells will be measured on a monthly basis until it is 
judged that sufficient data has been obtained to characterize seasonal water level fluctuations. 
The frequency will subsequently be reduced to a quarterly basis for the remainder of the 
project. Ground-water-level monitoring field activities wil l  be concurrent with surface water 
discharge measurement activities described in the following section. 

4.8.4 Surface Water Quality Monitoring 

Sampling Locarionr 

Surface water samples will be collected at 18 sites for laboratory analysis under the Annual 
Monitoring Task. The surface water sampling sites are summarized in Table 4.8-4 according 
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to g d  ~OGA~~OQ relative to the millsite. The locations of the surface water quality sampling 

Table 4.84. Proposed .%@at! Water scnpling Laatiotu 

sites are displayea in Plate 2-2. 

As indicated in Table 4.84, surface water samples d be collected from four stream locations 
upgradient of or background to the millsk SW92-01 (South C&), SW9242 (North 
Creek), SW92-03 (Montezuma Creek), and SW95-01 (Vega Creek above Montezuma Creek 
confluence). (Montezuma Creek forms at the confluence of North and south Creeks). Surface 
water sampling sites on the millsite are: Slade Spring, North Drainage, Carbonate Seep, and 
W-2, which are located on tributaries to Montezuma Creek; and, SW9244 and SW92-05, 
located on Montezuma Creek. Surface water sampling sites located on Montezuma Creek 
downgradient of the millsite are: W-4, SW92-06 Sorenson, SW92-07, SW92-08, SW92-09, 
SW94-01, and Montezuma Canyon. 

With the exception of Slade Spring, W-5, SW94-01, and SW95-01 (see Table 4.8-4), the 
proposed surface water sampling sites correspond to those utilized during the Baseline 
characterization program. Site W-5 (millsite location) was removed from the original 
Baseline Characterization surface water monitoring network prior to the Qctober 1993 
sampling round as a result permanent underground piping of Hall's Ditch in the area. Slade 
Spring was recently discovered and will be added to the sampling network to assess potential 
influx of COPCs to Montezuma Creek. A new site, SW95-01, will be established to assess 
water quality on Vega Creek upstream of the confluence with Montezuma Creek. 
Site SW94-01 was originaIly established in 1994 to measure discharge on Montezuma Creek 
below the Vega Creek confluence. This site will be sampled as part of the Annual Monitoring 
Task to assess the cumulative impact of Vega Creek water quality on Montezuma Creek water 
quality- 

Sampling Frequency 

Surface water samples will be collected on a semiannual basis under the Annual Monitoring 
Task except at sites SW94-01 and SW95-01 where samples will be collected approximately 
quarterly for 1 year and1 then semiannually coinciding with the other scheduled Semiannual 
sampling rounds. Samples at these sites will be analyzed for the inorganic parameters listed in 
Table 4.8-2 but will not be analyzed for TCL organic compounds. Field parameters to be 
measured will include alkahity, temperature, pH, and electrical conductivity. The 
semiannual romds will coincide with periods of typically high seasonal water levels (April) 
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4.8.5 Surface Water l’klmrge Monitoring 

Discharge Monitoring Loccrrions 

Surface water discharge will be quantitativdy measured at 14 sites dong Montezuma C& 
(Plate 2-2). Discharge measurement sites located upstream of the millsite are: SW92-01 
(South Creek), SW9242 (North Creek), and SW92-03 (Montezuma Creek). Discharge 
measurement sites located on the millsite are: SW9442, SW92-04, and SW92-05. Sites W-4, 
SW92-06, Sorenson, SW92-07, SW92-08, SW92-09, SW94-01, and Montezuma Canyon are 
located downstream of the millsite. Discharge will also be measured at site SW95-01 on Vega 

discharge are detailed in Section 2.4.8 of the FSP. 
. .  

Creek upstream from the Montezuma Creek confluence. The methods for determrnrn gs- 

Eleven additional sites that are eithex surface seeps or smaU tributaries to Montezuma Creek 
will be inspected for surfae water discharge. Sites W-2, carbonate Seep, Slade Spring, 
Goodknight Spring, and North Drainage are located on the millsite. Sites Pehrson Seep 1, 
Pehrson Seep 2, and Clay Hill Seep are located on the hillside north of the millsite. Site 
Upper North Drainage is located in the prominent drainage ravine north of the millsite. Site 
Cabin Spring is located at the abandoned cabin next to Montezuma Creek just upstream of the 
Vega Creek confluence. Site Adams Spring is located approximately 2700 ft east of the 
millsite at the base of the hillslope north of Clay Hill Drive. At these sites, flow will be 
qualitatively assessed and noted. If sufficient channel flow is observed, discharge will be 
quantified according to the method described in Section 2.4.8 of the FSP. 

Discharge from additional seeps and1 springs identified during monitoring activities will be 
noted in the field logbook. 

Discharge Monitoring Frequency 

Surface water discharge measurements will be taken on a monthly basis until it has been 
judged that sufficient data has been obtained to characterize seasonal discharge fluctuations. 
The frequency will subsequently be reduced to a quarterly basis for the remainder of the 
project. Surface water-water discharge monitoring activities will be concurrent with ground- 
water-level measurement activities. Also, at all surface water sites that are sampled for water 
quality and quantitative discharge measurements are possible, discharge will be measured 
immediately before or after sampling. 
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4.8.6 Analytical- 

AU Pmd-water and surface wated C O U ~  during under the  AM^ Monitoring 
Task will be submittedto the GJPQ Analytical Chemisq Labodmy for analysis of the 
analyoes listed in Table 4.8-2, which also identifies the respedive laboratory analytical 
methodsandrepOrtinglimitsforthearralytes. "kanalytesandanalytidmethdspresented 
in Table 4.8-2 are a compilaticm of those identified previously in the sampling and analytical 
programs for the ERA, HHRA, and GrOund-Water Mcdehg Tasks for surface water and 
ground-water media. The Rust methods refeftnced 
A n a l y M ~ t r y H ~ o f ~ M M d S m n p l e - P r ; e p m o t i o n P r o c e h r r e s  
(DOE [undated]b) and Geotech An@ticul Ckrabhy Laborarory Administratiw Plan and 
Qualify Connol Rmcedkm (DOE [unMJa). Informaton regarding specific sample 

details for surface water and ground-water sampling are addressed in the project FSP. 

Table 4.8-2 are described in lk 

collectionprocedures, sampleamtahm, pmenmtm , holding times, d 0th- field-related 

4.9 Task 8: Potential A d d i o d  Studies 

Additional studies may be wananted to provide further suppat for ground-water modeling 
output and/or for analysis of potential response action alternatives. The need for additional 
studies will be determined following completion of the ground-water modeling and risk , 
assessment efforts. Examples of the types of studies that may be pedormed are: 

e Assess the impact of ground-water &e QIP a n  hminant mobmy. It is known 
that the ground-water concentrations of many contaminants are sensitive to major ion (for 
example bicarbonate) concentration, pH, and redox state. If ground-water chemistry 
changes, contaminants that were bound to the aquifer solids could be released. Ground- 
water chemistry changes could occur as a result of future land use changes at and in the 
vicinity of OU III. For example, changes in ground-water chemistry would be anticipated 
if, as currently proposed, a golf coufse is constructed at the present location of the millsite. 
Laboratory andor field treatability tests could be used to evaluate the factors that will 
mostly likely affect contaminant mobility. 

@ hvestigate areas of contaminated groannd-wabeP &charge using dbdved radon or 
other COIPCS. The analysis of dissolved radon-222 (half-life of 3.8 days) in Montezuma 
Creek waters could be a useful tool in delineating areas of sediment contamination within 
the upper flow system aquifer or stream sediments. Local increases in don-222 
concentrations along the reach of Montezuma Creek may indicated both discharge areas of 
ground water to the stream andor, depending on the concentration, areas where saturated 
con- sediments exist. 

The need to perform any additional studies will be determined by DOE in conjunction with 
EPA and the State. Details of the studies will be elicited prior to the start of a study and will 
lbe documented in a program directive. 
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All aspects of the WI wil l  be clearly documented in the RI report. "he format of the RI report 
will be oollsistent with EPA guidelines specified in cuidmtcefor condracting Remedial 
Inwstig&m and FepribiIiry Stzuiia Under CERCZA @PA 1988). A proposed outline for the 
RI report is presented in Table 4.1G1. 

DOE-G JPO Remedid Investigation September 1995 
RI/FS Work Plan DRAFT FINAL Page 4-1 77 



D- 
e; 

Table 4.10.1. Pmped Remedial Invangation Report Outline 

1.0 Iastoduction 
1.1 aurposeandor*tioQofReport 
1.2 EJackgrOd - '011 

12.1 Site Description 
1.2.2 Site History 
1.2.3 pteviouS Investigations 

2.0 Physical chatacteristics 
2.1 SurEaccFeatms 
2.2 Meteorology 
2.3 Geology 
2.4 Soils 
2.5 SurfacewatcxHydrology 
2.6 Hydrogeology 
2.7 Ecdogy 
2.8 Demography and L;llad Use 

3.0 Site Characterization Activities 
3.1 Baseline characterization 
3.2 Ecological Risk Assessment Study 
3.3 Human Health Risk Assessment Study 
3.4 Groundwater Flow and Transport Modeting 
3.5 Annual Surface Water and Ground-Water Monitoring 

4.0 Nature and Extent of Contamination 
4.1 Groundwater 
4.2 Surface Water 
4.3 Sedimentand Soil 

5.0 Contamimnt Fate and Transport 
5.1 Potential Routes of Migration 
5.2 Physical and Chemical Properties of Contaminants 
5.3 Contaminant Migration 

6.0 Baseline Risk Assessment 
6.1 Human Health Evaluation 
6.2 Ecological Evaluation 

7.0 Summary and Conclusion 
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Table 4.5-1. WiMij5e that are Likely to Inhabit Southeartem Urah 

d* shrew 
vagrent shrew 
dwarfshrew 
merriam shrew 
little brown myotis 
cave myotis 
fringed myotis 
longeared myotis 
California myotis 
Yuma myotis 
long-legged myotis 

silver-haired bat 
western pipistrel 
big brown bat 

small-footed myotis 

hoarybat 
spotted bat 
western bigeared bat 
Mexican bigeared bat 
pallid bat 
big free-tail bat 
raccoon 
ringtail 
badger 
striped skunk 
spotted skunk 
river otter 
longtail weasel 
black-footed ferret 
coyote 
red fox 
gray fox 
mountain lion 

Sora obscwus 
Som wg?wu 
SotCrMlurr 
Sora mcrridllr)ti 
Myotis luciigw 
Myotis wl~~kr 
M'tis thysanadm 
Myotis -tis 
Myotis cvlliforninu 
Myotis ywMncnris 

Myotis subuIotus 
larionyctcris noaangans 
Pip.sh.eUur hcspenu 
Eptesicus fLscur 
h i -  cinemu 
Elrderma maculata 
Pkcotru townsen& 

Antrozous pauidrrr 
Tadarida molossa 
Procyon lotor 
b a r i s n u  crstwu 
Taridae tau 
Mephitis mephitis 
Spibgale pworiru 
Lutra tnnadenris 
Mustela jkenata 
Mustela n i g r i p  
Canis lurranr 
Vulpes fulva 
Urocyon cinereoargmteus 
Felis concolor 

MyOtis wiivu 

Pkcotus phyllotis 

BIRDS 

Clark's grebe Aecfunophorrrs clarkii 
western grebe Aechmophonu occidcntalir 
eared grebe Podiceps nigrimllis 
pied-billed grebe Podilymbus podiceps 
American bi ttem Botaunu lentiginosus 

canyon mouse 

deer mouse 
rock mouse 
brush mouse 
whitethtoetwoodrat 
Mexican woodrat 
bushy-tailed woodm 
sagebrush vole 
long-tailed vole 
muskrat 
porcupine 
beaver 
black-tailed jackrabbit 
mountain Cottmtail 
desert cottontail 
mule deer 
pronghorn 
bighorn sheeu 

pinan mDuse 
Pnwnysau ainitw 
Peromysclu mrci 
Prromyscvsmaniculatus 
Pnomyscvs &Bcilk 
Peromyscus boylei 
Neotoma albigula 
Neotoma maica~ 
Ncotoma cinerea 
Lagunrs cwtotus 
Micronu longicadw 
Ondarra zibethica 
Erethizon dorscrtrmr 
Cartor canackmis 
Lepw crrlifm~cus 
Silvilagus nuttali 
Silvilagus audubod 
odocoileus hemionus 
Antilocapra amir ica~ 
ovis CaMalenSis 

blackcrowned 
night-hemn Nycricoraz nycticorm 

gm-backed heron B u ~ o W  stricrtus 
snowy egret Egrena thlrlo 
great blue heron Ardeahrrodias 
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gray jay 
Clark's rmtcracker 
blrrck-billed magpie 
Americaucrow 
common raven 
plain titmouse 
blackuqqxdchickndee 
mountainchickadee 
bushtit 
brown creeper 
white-breasted nuthatch 
red-breasted nuthatch 

house wren 
Bewick's wren 
canyon wren 
rock w m  
goldencrowned kinglet 
ruby-crowned kinglet 

western bluebird 
mountaia bluebird 
Townsend's solitaire 
Swainson's thrush 
hermit thrush 
American robin 
logerhead shrike 
northern shrike 
northern mockingbird 
sage thrasher 
bohemian waxwing 

European starling 
gray vireo 
solitary v i m  
orsnge-crowned warbler 
Virginia's warbler 
yellow-rumped warbler 
common barn owl 
shorteared owl 
long-eared owl 

PYPY nu- 

blue-py gnatc.atk 

cedar waxwing 

blsk-thtoated 
gray warbler 

Perisoreus ctanahsb 
Nwpaga wkmrbiana 
Pica pica 
corvrrr caurim 
corvranrrmc 
Parus inomatu 
Pmus atriaapiUus 
Parus g h l i  

ckdlia a?neri- 
Sin0 carolinensis 
Sitta cnndenris 
Sitta pygmaen 
Trigrodyes obdon 
Thyomanes bewickii 

Wpinctes obsoletvs 

Regdus ccrlmdrrlrr 
Polioptila rocryleD 
Sialia micana 
Sialia cunu~~idcs 
M y h t e s  towmendi 
catharus ustuk#us 

Tiudus migratm'us 
Lunius ludovicianus 
Lunius acubitor 
Mimut poryglonos 
Oreoscoptes montanrcs 
Bombycilla garrulus 
Bombycilla cedronun 
Sturnur vulgaris 
Vireo vicinior 
Vireo solitanus 
Vemiwra d a t a  
Vemiwra nrginiae 
Dendroica corotuua 
Tjto alba 
Asiof2ammeuJ 
Asio o m  

Ps- minimru 

catherpes mexi41uuu 

Regulus satrapa 

catharus gunatus 

Dendroica nigresnm 

Grace'swarbler 
yellow warbler 
cornman yellawthroat 

black-hded gmsbeak 
yell- chat 

sparrow 
u s p a m r w  
blpck-throated s p a r r o ~  

sagesparrow 
--sparroW 
chirpins - 
whitecrowned sparrow 
Lincows sparrow 

Brewer's sparrow 
darkeyed junco 

westem meadowlark 
yellow-headed blackbird 

red-winged blackbird 
Brewer's blackbird 
bmwn-headed cowbird 
Scott's oriole 
northern oriole 
western tanager 
house sparrow 
pine siskin 
American goldfinch 
lesser goldfinch 
red crossbill 
pine grosbeak 
rosy finch 
Cassin's finch 
house finch 
evening grosbeak 

Dendmia graciac 
Dendmicn petechia 
Geotwis m'&u 
Iaeria nruv 
Pheuuicm 

Guiraaa aamrlca 
m-* 

P a s s h  CyMCa 

PipilochloMvr 
Pipilo rryrhrophthahucs 
Poocntu gnmrincru 
Pcrrsrrcvlvr 

Mehpiza mclodicr 
c3rondutes-a 
Amphispiza b i l i m a  
Amphispka belli 
Spuella &rea 
SpuellapPrsnM 
SpizeIla breww' 
Junco hymrcltis 
Zonomkhia l e u w p h ~ ~ s  
Mebspiza lincokii 
Sturnella negieaa 
~ h a ~ h a l u s  

Agehius phocniccut 
Euphagus cyanoccpiralus 
Molothnu ater 
Icterusparkorum 
Icterus gaIbula 

P a S d M  mnoencl 

sandwichemis 

xanrho~halus 

Piranga lrrdoviciana 
Parses domaticus 
Carduelis pinus 
Carduelis tristis 
Carduelis psa&ria 
Loxia curvirostra 
Pinicola enuckator 
Leucosticte arctoa 
Carpodam wsinii  
Carpodacus mexicaw 
Coccothrausres 

wpertinw 
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T d l e  4.5-1. WMife that are Likely to lnhabit southemem Utah ( . o r n o d )  

BIRDS (coatinued) 

white-faced ibis 
-gOOse 
mallard 
gadwall 
green-winged teal 
American wigeon 
northem pintail 
northern ahovder 
blw-winged teal 
cinnamon tkal 
ruddy duck 
redhead 
common goldeneye 
bufflehead 
common merganser 
Virginia rail 

American coot 
killdeer 
long-billed curlew 
spotted sandpiper 
Wilson's phalarope 
common snipe 
herring gull 
turkey vulture 
golden eagle 
bald eagle 
northern harrier 
sharp-shinned hawk 
Cooper's hawk 
noxthern goshawk 
redtailed hawk 
Swainson's hawk 
rough-legged hawk 
Ferrugmous hawk 
'SPRY 
American kestrel 
prairie falcon 
sage grouse 
:hukar 
wild turkey 
tiand-tailed pigeon 
rock dove 
mourning dove 
yellow-billed cuckoo 

sora 

Pkgadis &hi 
Branta canademis 
A - p t Z M f r y n h  
A-snrptM 
Rluls ma 
Anar mnm'cona 
Anar acuta 
Anas clypeata 
Anas d i s m  
Anas qanoptera 
-ra jtvnaimnris 
Aythya amen'canu 
Bumphala clangula 
BucephaIo albeoh 
Mergus merg0)lScT 
RaUw limiwla 
P o n a ~  Carolina 
Fulica americana 
Charadnus w d f h u  
Numenivr arnerifolw 
Actitis macularia 
Phalaropus m'color 
Gallinago gallinago 
LOIUS argentatus 
Cothanes aura 
Aquila chtysaetos 
Haliaeetus leucocephalus 
Circus q a n e w  
Accipiter striatw 
Accipiter mperii 
Accipiter gentilir 
Buteo jamaicenris 
Buteo swairuoni 
Buteo lagopur 
Buteo regalir 
Pandion haliaetus 
Falco spanwius 
Falco mexicanus 
Centrocercw uropharianur 
Aleaoris chulrar 
Meleagris gallopaw 
Columba fatciata 
Columba lina 
ZrMidn macroura 
Coccyzus eryrhropthalrnus 

greathOrnedOW1 Bubo virginianw 
western screech awl Otw knniwtzii 
fldatedowl Ot~f lMvnco lUs  
rtorthem saw-whet owl Aegolius acdw 
bumowing owl Athaucwricrrlmia 
commo~l p r w i R  Phaknop t ih  nun&i 
commwnighthawic ChOtdeiIuminor 
w h i t e - M s w i f t  RrroMvtusaxatalis 
black4inued 

broad-tailed 
hummingbird Ar&ilocfrUsaltaw& 

luumingbird s e h s p h m p l a r y ~  
belted kinfisher CaYIr dwn 
northem flicker Colaptes auratLu 
Lewis' woodpecker Melamps lewis 
Williamson's sapgpcker Sphyrapicus thymitieus 
red-naped sapsucker Sphyrapicvs iwdudis 
downy woodpecker Picoidcr pubescrnr 
hairywoodpecker ?Ycvidcrri~Us 
three-toed d p e 4 A e r  Picvidcr tridacJrrus 
western h g b d  l)Tannus m-& 
cassin's kingbird ljmznnw wayeram 
ash-throa&d flycatcher Myiarchru tvbcrcuufrr 
olive-sided flycatcher Contopus borealis 
western wood-pewee Contopvs sordidrrlus 
Say's phoebe Sayomis saya 
Pray flycatcher Empidonax mghtii 

Hammond's flycatcher Empidonax hamnwndii 
willow flycatcher Empidona traiUii 
western flycatchex Empidonax diJ5cilis 
horned lark Eremophila alpemis 
tree swallow Taffiycinetrr bicolor 
violet-green swallow Tadycinera thalassim 
bank swallow Riparia riparia 
northern rough-winged 

cliff swallow Hirundo pyrrfronoa 
barn swallow H i d  nut ia  
scrub jay Aphelowma cvx?rulua 
pinon jay Gymnorhinus cyanoacphaIus 
Steller's jay Cyanocina s t e k i  

dusky flycatcher Empidona obrrholrcn' 

swallow Stelgidoptery serripennb 
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Table 4.5-1. Wldlge that are Likely to I- Southeastem Utah (mm-nued) 

utahmght lizaql 
collared lizard 
leopard- 
O m g e - w  spiny lizard 
aorthernplateeu lizard 
Segebmh lizard 
northem side-blotched 
tree l i d  
mountainshort-horned~ 
Mrthernwhiprail 
plateau whiptail 

Stripeawhipsnake 

red racer 
western yellow-bellied facet 

GreatBasingophersnake 
California kingsnake 
black-necked garter SnaLe 
westem garter snake 
Mesa Verde night make 
midget-faded rattlesnake 

AMPHIBIANS 

Great Basin spadefoot Scaphiopus intenn0ntanu.r 
woodhouse's toad Bufo woodhousei 
Great Plains toad Bufo cognatus 
red-spotted toad Bufo punaatru 
canyon treefrog Hyla arenicolor 
leopard frog Rana pipiens 

FlsH 

Colorado squawfish Prychocficilus bcius 
bonytail chub Gila elegans 
roundtail chub Gila robusra 
humpback chub Gila rypha 
flannelmouth sucker Catostomus latipinnis 
bluehead sucker Carosromus disrobolru 
fathead minnow Pimephalcr promelar 
speckled dace Rhinichrhys cararaaae 
redside shiner Richardronium balteatus 
red shiner Neotropis lutremis 
sand s b e r  Neorropis stratnineus 
plains killifish Fundulus zebnnus 
cutthroat trout Oncorhyncfrus clarki 
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Table 4.5-4. Toxicity Benchmark Values for the Oral ingestion Exposure Route. 

Toxicity Benchmark 
Value (rnglkg 

bwlday) Analyte Endmint 
3.627 - > 1.762 mgll 

3.403 - > 1.018 mgA 

Toad (Bufo 
amencanus) 

%€ULC50 Devillens aad Exbmymrt, 
1992 

Frog (Rana pipiens) 96 hr LC50 Devillers and Exbrayat, 
1992 

btimony 
b S U l i C  14 Mallard NOAEL @ 100 ppm in diet forbehavior 

(LOAEL was 300 ppm for behavior and 
growth). comrerted with 0.14 kg diet/kg 
bw from Camardese et al., 1990. 

NOAEL (LOAEL was 22.5 mgkg &/day 
for growth, liver lesions) 

3.8 

2.0 

Rat 

GfWX?fS 

Schroeder et al., 1968 

Maximum b l e d  in diet 50 ppm, dry 
weight basis (convert with 0.04 kg Bietlkg 
bw from Sax, 1984) 

Bodeketal., 1988 

Barium loo0 

5.1 

NOAEL JohnSam et al., 1960 

P e y  et al., 1983 

Chicken 

Rat 

3.54 
~~ 

Opresko et d., 1993 Beryllium NOAEL for weight loss 

NA Data unavailable in the literature reviewed. 
LDSO Dose lethal to 50% of the test population. 
LCSO Concentration lethal to 50% of the test population. 
LDLo Lowest lethal test concentration. 
TDLo Lowest toxic test dose. 

T C b  Lowest toxic test concentration. 
NOAEL No Q b e d  Adverse Effects Level. 
LOAEL Lowest Obswved Adverse Effects Level. 
NTEL No Toxic Effects Level. a 

3 

e .  



Table 4.5-4. Toxicity Benchmurk Values for the Oral ingestion Exposure Route (continued) 

~ 

Analyte 

3lrOlmiurn (111) 

roxicity Benchmark 
Value (mglkg 

bwlday) 

!.O 

!.5 

QA 

!9 

~2 .  a 

16 

1.4 

SpeeieS 

Mallard 

Rat 

Frog flenopus laevis) 

Mallard duck 

Chicken 

Rat 

NA Data unavailable in the literatun reviewed. TCLo 

Endpoint 
NOAEL for adults; kidney lesions in 
3ucklings 

NOAEL for behavior, condition, body 
weight, food consumption (30 ppm) 

Maximum tolerated 0.05 ppm dwb, 
:mverted with 0.04 kg dievltg bw, (Sax, 
1984)) 

NTEL (mortality, body weight, inhibition 
D f  larval development) 

NOAEL for weight gain, mortality 

NOAEL for weight gain, mortality 

LOAEL for decreased hemoglobin and 
incnased SGOT was 36 mgkg bw/day for 
49 day exposure. 

Toxic. Maximum chrwic intake tolerated 
for grazers is 25-300 ppm in diet, dwb. 
Daily intake calculated With 0.04 kg dieulrl 
bw for cow (sax. 1984). 

Lowest toxic test conoentration. 
LDSO Dose lethal to 50% of the test population. 
LC50 Conceotration lethal to 50% of the test population. 
L D b  Inwest lethal test concentration. NTEL No Toxic Effects Level. 
TDLO Lowest toxic test dose. 

NOAEL No Observed Adverse Effects Level. 
LOAEL Lnwest Obsuved Adverse Effects Level. 

Reference 
s i n  et a~.,  1983 ~ 

White et al., 1978 

3lnten et&, 1991 

Bodek et al., 1988 

Devillets and Exbrayat, 
1992 

CDpfesko e€ al., 1993 

opreslro et al., 1993 

Suttle and Mills, 1966 

Doherty et al., 1969 
Bodek et al., 1988 



Table 4.5-4. Toxicity Benchmark Values for the Oral ingation Exposure Route (continued) 

A n a l Y t e  

Lead 

Toxicity Ithchmark 
Value (mglkg 

hwldav) 
~~ 

No bird values 

1UQ 

14.5 

3.0 

1.2 

0.47 - 0.9 mgn 
(PbN03) 

Rat 

Kestrel' 

Mice and rats 

G m  

Toad (Bufo IVCIIMUIIJ 

Endpoint 

Estimated from dose response curve with 
minimum LD 5.3 and maximum LD 500, 
most likely 256 mgkg. 
NOAEL (for survival, histopa&ology, 
organ weight, and repduction) from diet 
of 50 ppm umverkd with 0.29 kg dietkg 
bw (kestrel)(EPA, 1993b). 

LOAEL of 25 mgkg diet lead salts. ~ 

C a d  impaired reproduction. Converted 
with 0.12 kg dietkg bw (Sax, 1984). 

Maximum t o l d  m diet 30 ppm, dwb. 
Convert with 0.04 kg dietkg bw (Sax, 
1984). 

48 hr LC50 

Lowest toxic test concenlration. NA Data unavailable in the literature reviewed. TCLo 
IDSO Dose lethal lo 50% of the test population. 
LC50 Concentration lethal to 50% of the test population. 
LDLO Lowest lethal test concentration. NTEL No Toxic Effects Level. 
TDLn Lowes~ toxic test dose. 

NOAEL No Obsewed Adverse Effats Level. 
LOAEL Lowest Obseived Adverse Effects Level. 

Venugopd and Luckey, 
1978 

Franson et al., 1983 
Pattee, 1984 

Venugopal and b k e y ,  
1978 

Bodeketal., 1988 

Devillers and Exbrayat, 
1992 



Table 4.5-4. Toxicity Benchmark Values for the Oral ingestion Exposure Route (continued) 

Analrte 
Manganese 

Nickel 
selenium 

Toxicity Benchmark 
V a l w  (mglkg 

Ibwlda y) 

No bird vzues 

290 

BO 

3. ‘1 8 

1.8 

3.75 
24.15 

3.88 

3.57 

3.08 

SpecieS 

Rat 

Chicken, starling 

Mouse 

Mink 
Rat 

Chicken 

Mouse 

Grazer 

NA 
LD50 Dose lethal to 50% of the test DoDulation. 

Data unavailable in the literahue reviewed. 

LCSO concentration lethal to 50% oftie test population. . -  

LDLo Lowest lethal test concentration. 
Lo Lawest toxic test dose. e 

Endpoint 
- 
NOAEL for mortality for chronic 
exposun, 930 the LOAEL for mortality. 
Levels from 140 to 601) mglkglday cause 
biochemical and behavior changes. The 
mommended value may muse these effects 
but probably will not affect population 
succes. 

Maximum chronic tolerated dietary level is 
400 - 2000 ppm dwb (converted with 0.04 
kg diet/kg bw (Sax, 1984)) 
Reproductive effects, kidney lesions 

Renalhunonr’ 

NOAEL 
NOAEL for d u c t i o n  

Reproductive effects 

LOAEL for reproductive effects 

Maximum toleratsd m diet is 2 ppm dwb 

1984)). AIkali disease occuts at 0.12 
mgikg hlday.  

(convert with 0.04 kg diet/lrg bw (sax, 

TCLn Lowest toxic test concentration. 
NOAEL No Obkrved Adverse Effects h e l .  
LOAEL Lowest Observed Adverse Effacts Level. 
NTEL No Toxic Eff- Level. 

National Toxicity Program, 
1993 

Bodek et aL, 1988 

Mtoneta l . ,  1975; 
Nicholson and Osborn, 1984 

Mieumnri et al., 1981 

Aderich et al., 1974 
Opfeskoetal., 1993 
Drt and 1 w ,  1978 

O p d o  et al., 1993 

Bodek et aL, 1988 

i 



Table 4.5-4. Toxicity Benchmark Values for the Oral ingestion Erposure Roue (continued) 

Analy te 

iilver 

rhallium 
JraniUm 

&lC 

NA #Data unavailak 

Toxicity Benchmark 
Value (rnglkg 

bwlday) 

65 

52 

23.7 

100 ug/l (67 pCi/L 
dPW 

86 

4.42 mgkg diet 

2.8 

1.36 mg/kg diet 
NA 
1 .i 

75 

40 

3.6 mgn 

F in the literahue revie 

SpedCS 
Rat 

Pig 
Ring-necked p h m t  
Human 

Black duck 

Game bird 

Rabbit 

Rabbit 

Mallard duck 

#Rat, pig 

GraLer 

Frog (Xenopur Iruvir) 

Endpoint 
NO= 

NOAEL 
LDSO 
NOAEL for kidney toxicity based on 
drinking water ingestion 

NOAEL for 6 week study 

Background in game lbird ration 

30 day LOAEL for histopalhological 
changes in kidney; d i e l y  to have 
population effects 

Backmund in rabbit chow 

LOAEL for blood chemistry; mortality 

NOAEL 

Maximum tolerated in diet 300-1(p(po ppn 
dwb. 

ECSO (malformations) 

V e d .  TCG Lowst toxic test concentration. 

Walker, 1971 

Van Vleet. 1976 
Hudson et al., 1984 

~~ 

wram et al., 1985 

Opfeslco et al., 1993 

Robinson et al., 1984 

Dpresko et al., 1993 

Robinson et al.. 1984 

Opresko et d., 1993 

Sutton and Nelson, 1937 
Lewis et d., 1957 

Bodeketal.. 1988 

hvillers and Exbrayat, 
1992 

LDSO Dose lethal to 50% of the test population. 
LCS0 Concentration lethal to 50% of the test population. 
L D b  b m s t  lethal test concentration. NTEL No Toxic Effects Level. 
T D b  Lowest toxic test dose. 

NOAEL No Observed Adverse Effects b e l .  
LOAEL Lowest Observed Adverse Effects Level. 



Analyte 
Aluminum 

Antimouy 

Arsenic 

Beryllium 

cadmium 

chromium 

cobnlt 

NA #Datal 

Table 4.5-5. Toxicity Benchmark Values for Plants (utd Soil Fauna 

Toxicity Benchmark Value (rnglkg soil) 
IO 

2500 - 2800 
5 

Values for soil fauna unavailable in the titeratun reviewed 
> 2  

10 

Values for soil fauna unavailable in the literature reviewed 

Values for soil fauna unavailable in the literature r e v i d  
10 

Values for soil fauna unavailable in the literature reviewed 
5 

2 

20 

2 

Values for soil fauna unavailable in the literahue reviewed 
2!5 

Values for soil fauna unavailable in the literature reviewed 
ivaiiable in the literatura reviewed. 

NOW3 No Observed Effects Concentration 

Species 
plants 

woodlouse 
plants 

barley, alfalfa 

plants 

plants 

plants 

Endpoint 
recommended benchmark value 

55-75 % survival over 6-12 we& 
recommended bedmark value 

~ 

obvious damage to plants amrs at 
soil coacentrations above this 

recommendad benchmark value 

recommended beachmark value 

recommended beochmarlr value 

phytotoxic level in soils 

recommendad b e a c m  value 

threshold fat adverse effkds on 
growth and sexual^ 
p h y t o l i C l a v a i n &  

reconmaadd beochmark value 

M- 
sum et al., 1993 

ICF Kaiser, 1989 
Suteret d., 1993 

[CFKaiser, 1989 

Suter et al., 1993 

Suteretal., 1993 

Suter et al., 1993 

ICP Kaiser, 1989 

Suteretal., 1993 

IcFKaiser, 1989 

ICPIcpiser, 1989 

Suter d el., 1993 

Suter et al., 1993 



n 

species 
plants 

c 
Endpoint Reference 

‘phytotoxic level in soils ICF Kaiser, 1989 
I 

Analvte 

earthworn 

woodlice species 

Plants 

Iron 

threshold for adverse effects on 
growth and sexual maturation 
significant increeSe in respiratory 
rate 

phytotoxic level in soils 

ICF Kaiser, 1989 

ICF Kaiser, 1989 

ICF Kaiser, 1989 Lead 

invertebrates 
Plants 

Plan& 

P- - 
Manganese 

NOEC ICF Kaiser, 1989 
HcoIIlznmded benchmark value Suter et al., 1993 

concentration in sludge identified 

animaIs 

rccommQLded benchmark value 
soil concu~tration causing damage 

ICF Kaiser, 1989 

Suteretal., 1993 

ICF Kaisra, 1989 

8s poteatiatly toxic to plants and 
Mercury 

earthworms 
wheat and 
buckwheat 
plants 

Nickel 

reduced gnnvth and reproduction ICF Kaiser, 1989 
decrease6lgmwthrate ICF Kaiser, 1989 

recommepded benchmark value Suter et al., 1993 Silver 

NA Dakm 

- 
Table 4.5-5. Toxiciry Benchmark Values for Plants Md Soil Fauna (continued) 

Toxicity Benchmark Value (mg/kg soil) 
100 

40 

60 

lo00 

Values for P l M t S  unavailable in the literature reviewed 
100 

50 

95 
500 

Values for soil fauna unavailable in the literature reviewed 
10 

0.3 

24 

22 

500 (Value of 5Q after UF of 10 applied) 
1 

2 

varlable m the hterahve reviewed. 
NOEC No Observed Effects concentration 

plants lrranmDcllded bencharark value Suter et al., 1993 I 

plants 

plants 



Table 4.5-5. Toxiciry Benchmark Values for Plants and Soil Fauna (continued) 

Analyte 
Thallium 

Vanadium 

zinc 

Toxicity Benchmark Value (ma/& soil) 
NA 

2.5 

Values for soil fauna unavailable in the literature r e v i d  
93 

20 

100 

SpeCieS Endpoint 
I 

1 

NA Data unavluiable in the literature reviewed. 
NOEC No Observed Effects Concentration 

4 

Ref- 

chrysanthemums I 

plants 

I r e c o d e d  bmchmarlr value Suter et al., 1993 I I I 
decreased growth ICF Kaiser, 1989 

recommended benchmark value ;Sue et al., 1993 

WOOdlOllse 'NOEC; adverse effects (LCSO) in 
~earthwonns at 662 mgkg 

'ICF Kaiser, 1989 



Table 4.5-12. Preliminary Daily Intakes (ugkg bwlday) Based on Surface Water Ingestion for Terrestrial MldliJe ond Birds 

Passerine [Daily Intake (pglkg bwlday)] 
Up Gradient On Site Down Gradient 

Analyte IMean Max Mean Max Mean MaX 

As 
At 
As 
Ba 
Be 
Cd 
co 
Cr 
c u  
Fe 

Mn 
Mo 
Na 
Ni 
NO3 
Pb 
so 
Sb 
Se 
Sn 
TI 
U 
V 
Zn 
1K-40 

Re-226 
Ra-228 
Th-230 
Th-232 
u-234 
U-238 

Hg 

ND 
108.3 

1.1 
21 .o 
ND 
ND 
1.7 
1.2 
2.5 

179.0 
ND 

66.5 
2.5 

20299.7 
11.3 
NA 
0.5 

55903.0 
0.2 
0.6 
NA 
ND 
5.0 
2 3  
2.9 
NA 

ND 
362.5 

2.8 
35.3 
ND 
ND 
1.7 
1.2 
2.5 

417.5 
ND 

250.0 
5.1 

50750.0 
3.3 
INA 
6.1 

25000.0 
0.5 
2.4 
INA 
ND 

25.8 
' 7.5 

8.5 
NA 

ND 
110.8 
34.9 
14.0 
ND 
1ND 
ND 
0.0 
1.6 

120.2 
0.1 

41.9 
43.8 

37890.0 
1.3 
NA 
0.3 

150123.3 
0.2 
9.5 
NA 
1ND 

163.0 
964.1 

3.1 
NA 

ND 
340.0 
312.5 
29.3 
ND 
ND 
ND 
0.0 

16.3 
350.0 

0.11 
196.3 
612.5 

26500.0 
2.9 
NA 
1.3 

34500.0 
0.6 

135.0 
NA 
ND 

807.5 
13000.0 

9.6 
NA 

ND 
251.8 

0.7 
16.1 
ND 
ND 
ND 
1.3 
0.6 

2511.2 
ND 

46.0 
3.5 

19943.1 
1.6 
NA 
0.5 

96276.4 
0.2 
0.6 
NA 
ND 

23.4 
5.2 
6.2 
NA 

ND 
887.5 

3.8 
25.8 
ND 
ND 
ND 
6.6 
2.7 

11112.5 
ND 

115.0 
22.7 

42500.0 
2.9 
NA 
1.6 

196750.0 
0.5 
4.9 
NA 
IND 

127.0 
70.0 
21.7 
NA 

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

Raptor [Daily Intake (pglkg bwlday)] 
Up Gradient On Site Down Gradient 

Mean Max Mean Max Mean Max 

ND 
108.3 

1.1 
21.0 
1ND 
NO 
1.7 
1.2 
2.5 

1179.0 
1ND 

66.5 
2.5 

20299.7 
1.3 
NA 
0.5 

55903.0 
0.2 
0.6 
NA 
ND 
5.0 
2.3 
2.9 
NA 

ND 
362.5 

2.8 
:35.3 
ND 
ND 
1.7 
1.2 
2.5 

4'1 7.5 
ND 

250.0 
5.1 

50750.0 
3.3 
NA 
6.1 

25000.0 
0.5 
2.4 
NA 
ND 

25.8 
7.5 
8.5 
NA 

1ND 
110.8 
34.9 
14.0 
ND 
ND 
ND 
0.0 
1.6 

120.2 
0.1 

41.9 
43.8 

37890.0 
1.3 
NA 
0.3 

150123.3 
0.2 
9.5 
NA 
ND 

163.0 
964.11 

3.1 
NA 

ND 
340.0 
312.5 
29.3 
ND 
ND 
ND 
0.0 

16.3 
350.0 

0.1 
196.3 
612.5 

26500.0 
2.9 
NA 
1.3 

34500.0 
0.6 

135.0 
NA 
ND 

807.5 
13000.0 

9.6 
NA 

ND 
251.8 

0.7 
16.1 
ND 
ND 
ND 
1.3 
0.6 

251.2 
IND 

46.0 
3.5 

19943.1 
1.6 
NA 
0.5 

96276.4 
0.2 
0.6 
NA 
ND 

23.4 
5.2 
6.2 
NA 

ND 
887.5 

3.8 
25.8 
ND 
ND 
ND 
6.6 
2.7 

11112.5 
ND 

115.0 
22.7 

42500.0 
2.9 

1.6 
196750.0 

0.5 
4.9 
NA 
ND 

127.0 
70.0 
21.7 
NA 

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

Small Herbivore [Daily Intake (pglkg bwlday)] 
Up Gradient On Site Down Gradient 

Mean Max Mean MaX Mean MaX 

F4D 
86.6 
0.9 

16.8 
ND 
ND 
1.3 
1 .o 
2.0 

143.2 
ND 

53.2 
2.0 

16239.8 
1.0 
NA 
0.4 

44722.4 
0.2 
0.4 
NA 
ND 
4.0 
1.9 
2.3 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
290.0 

2.2 
28.2 
ND 
ND 
1.3 
11.0 
2.0 

334.0 
ND 

200.0 
4.0 

40600.0 
2.7 
NA 
4.6 

20000.0 
0.4 
1.9 
NA 
ND 

20.6 
6.0 
6.8 
NA 

ND 
88.6 
27.9 
11.2 
ND 
IND 
1ND 
0.0 
1l.3 

96.1 
0.0 

33.5 
35.0 

303120 
1.0 
NA 
0.2 

$20098.6 
0.2 
7.6 
NA 
ND 

130.4 
771.3 

2.5 
INA 

ND 
272.0 
250.0 
23.4 
ND 
ND 
ND 
0.0 

13.0 
280.0 

0.0 
157.0 
490.0 

21200.0 
2.3 
NA 
1.0 

27600.0 
0.4 

108.0 
NA 
ND 

646.0 
10400.0 

7.7 
NA 

ND 
201.4 

0.6 
12.6 
ND 
ND 
ND 
1 .o 
0.5 

201.0 
ND 

36.8 
2.8 

15954.5 
1.3 
NA 
0.4 

77021.1 
0.1 
0.5 
NA 
1ND 

18.7 
4.2 
4.9 
NA 

ND 
710.0 

3.0 
20.6 
ND 
ND 
ND 
5.3 
2.1 

890.0 
ND 

92.0 
18.2 

34OOO.O 
2.3 
NA 
1.3 

157400.0 
c 0.4 

3.9 
NA 
ND 

1011.6 
56.0 
17.3 
NA 

NA INA NA . N A  NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA INA 
NA NA NA NA INA 
NA NA NA NA NA 

DOE-GJPO Remedial Investigations Septomhsr 1995 
RllFS Work Plan DRAFT FtNAL Pngs 4-1Y3 



Table 4.5-12. Daily Intakes (ugkg bw/duy) Based on Surface Water Ingestion for Terrestrial Mldife and Birds (continued) 

I Large Herbivore [Daily Intake (pglkg bw/day)] Small1 Oinnivore [Daily Intake (pg/kg bwlday)] 
Up Gradient On Site Down Gradient Up Gradient On Site Down Gradient 

Analyte Mean MaX Mean Max Mean I M ~ X  Mean Max Mean Max Mean Max 

I Large Omnivore [Daily Intake (pg/kg bw/day)]i 
Up Gradient On Site Down Gradient 

Mean MaX Mean NlaX Mean M2R 

As 
AI 
As 
Ba 
Be 
Cd 
c o  
Cr 
cu 
Fe 

Mn 
Mo 
INa 
Ni 
NO3 
Pb 
so 
Sb 
Se 
Sn 
n 
u 
V 
Zn 
K40  

Ra-226 
Ra-228 
Th-230 
Th-232 

Hg 

U-234 
U-238 

ND 
21.7 
0.2 
4.2 
ND 
ND 
0.3 
0.2 
0.5 

35.8 
ND 

13.3 
0.5 

4059.9 
0.3 
NA 
0.11 

11180.6 
0.0 
0.1 
NA 
ND 
1.0 
0.5 
0.6 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND ND 
72.5 22.2 
0.6 7.0 
7.1 2.8 
ND ND 
ND ND 
0.3 ND 
0.2 0.0 
0.5 0.3 

83.5 24.0 
ND 0.0 

50.0 8.4 
1.0 8.8 

10150.0 7578.0 
0.7 0.3 
NA NA 
1.2 0.1 

5000.0 30024.7 
0.1 0.0 
0.5 1.9 
INA NA 
ND ND 
5.2 32.6 

, 1.5 192.8 
1.7 0.6 
NA NA 

NA 
NA 
NA 
NA 
NA 
INA 

ND 
68.0 
625 
5.9 
ND 
ND 
NO 
0.0 
3.3 

70.0 
0.0 

39.3 
122.5 

5300.0 
0.6 
NA 
0.3 

6900.0 
0.1 

27.0 
NA 
ND 

161.5 
2600.0 

1.9 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
50.4 
0.1 
3.2 
ND 
ND 
IND 
0.3 
0.1 

50.2 
ND 
9.2 
0.7 

3988.6 
0.3 
NA 
0.1 

19255.3 
0.0 
0.1 
NA 
ND 
4.7 
1.0 
1.2 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

M D 
18t.3 

*, .4 
17.6 
ND 
1.10 
0.8 
0.6 
'1.3 

208.8 
ND 

125.0 
2.5 

25375.0 
:.7 
NA 
3.1 

12500.0 
0.3 
1.2 
INA 
EID 

12.9 
3.7 
4.3 
NA 

NA 
NA 
NA 
NA 
N4 
NA 

ND 
55.4 
17.5 
7.0 
1ND 
ND 
ND 
0.0 
0.8 

60.1 
0.0 

211.0 
21.9 

18945.0 
0.7 
NA 
0.2 

75061.6 
0.1 
4.8 
NA 
ND 

81.5 
482.0 

1.5 
NA 

NA 
NA 
NA 
INA 
NA 
NA 

ND 
170.0 
156.3 
14.6 
ND 
ND 
ND 
0.0 
8.11 

175.0 
0.0 

98. SI 
306.3 

13250.0 
1.4 

0.6 
17250.0 

0.3 
67.5 
NA 
ND 

403.8 
6500.0 

4.8 
NA 

NA 
NA 
INA 
NA 
NA 
NA 

INA 

ND 

0.4 
8.1 
ND 
ND 
ND 
0.6 
0.3 

ND 
23.0 

1.7 

125.9 443.8 

125.6 556.3 

9971.6 21250.0 
0.8 
NA 
0.3 

48138.2 
0.1 
0.3 
NA 
ND 

11.7 
2.6 
3.1 
NA 

NA 
INA 
1NA 
NA 
NA 
NA 

1.5 
NA 
0.8 

98375.0 
0.2 
2.5 
INA 
ND 

63.5 
35.0 
10.8 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

I 

ND 
21.7 
0.2 
4.2 
ND 
ND 
0.3 
0.2 
0.5 

35.8 
ND 

13.3 
0.5 

4059.9 - 
0.3 
NA 
0.1 

1 1 180.6 
0.0 
0.1 
NA 
ND 
11.0 
0.5 
0.6 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

I 

ND 
72.5 
0.6 
7.1 
ND 
ND 
0.3 
0.2 
0.5 

83.5 
NO 

50.0 
11.0 

-10150.0 
0.7 
NA 
1.2 

5000.0 
0.1 
0.5 
NA 
ND 
5.2 
1.5 
1.7 
NA 

INA 
NA 
NA 
NA 
NA 
NA 

ND 
22.2 

7.0 
2.8 
ND 
ND 
ND 
0.0 
0.3 

24.0 
0.0 
8.4 
8.8 

7578.0 
0.3 
NA 
0.1 

3 3024.7 
0.0 
1.9 
NA 
ND 

32.6 
192.8 

0.6 
N4 

NA 
NA 
NA 
NA 
NA 
NA 

ND ND 
68.0 50.4 
62.5 0.1 

5.9 3.2 
ND ND 
ND ND 
ND ND 
0.0 0.3 
3.3 0.1 

70.0 50.2 
0.0 ND 

1223 0.7 
5300.0 3988.6 

0.6 0.3 
NA NA 
0.3 0.1 

6900.0 19255.3 
0.1 0.0 

27.0 0.1 
NA NA 
ND ND 

161.5 4.1 
2600.0 11.0 

1.9 1.2 
NA NA 

39.3 9.2 

NA 
NA 
NA 
NA 
NA 
INA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
177.5 

0.8 
5.2 
ND 
ND 
ND 
1.3 
0.5 

222.5 
ND 

23.0 
4.5 

8500.0 
0.6 
NA 
0.3 

39350.0 
0.1 
1 .o 
NA 
ND 

25.4 
14.0 
4.3 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

DOE-GJPO iRemedial lnvartigations September 1995 
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Table 4.5-14. preliminary Hauvd Quotients Based on To Be Considered Values for Temstn*al Wldlqe and Birdr for Ute Surjizce Water Ingestion P&way 

Passerine [Daily Intake (pgkg bwlday)] 
Up Gradient On Site Down Gradient 

Analyte Mean Max Mean Max Mean MaX 

Ag 
AI 
As 
Ba 
Bc 
Cd 
co 
cr 
cu 
Fe 
Hs 
Mn 
Mo 
Na 
Ni 
NO3 

. P b  
so 
sb 
se 
sn 
n 
U 
V 
zn 
K-40 

Ra-226 
Ra-228 
Th-230 
nl-232 
U-234 
w-238 

ND 
NA 

7.86Ero5 
2.lOE-M 
ND 
ND 
NA 
NA 

NA 
ND 
NA 
NA 
NA 
NA 
NA 

3.28E-M 
NA 
NA 

6ZE-03 
NA 
ND 

5.76- 
NA 

l.72EM 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

anE-05 

ND 
NA 

1-963-04 
353E-05 
ND 
ND 
NA 
NA 

8.71E-05 
NA 
ND 
NA 
NA 
NA 
NA 
NA 

4 2 2 w  
NA 
NA 

2.76E-02 
NA 
ND 

299w 
NA 

5.mEM 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

2.49E-03 
1.4OE-05 
ND 
ND 
NA 
NA 

552E-05 
NA 

2783-03 
NA 
NA 
NA 
NA 
NA 

2 . m  
NA 
NA 

l.mE-01 
NA 
ND 

1.9OE-03 
NA 

lSlE-03 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

2.23E-02 
293E-M 
ND 
ND 
NA 
NA 

S.61E-04 
NA 

278E-03 
NA 
NA 
NA 
NA 
NA 

8.79SOS 
NA 
NA 

153E+ 00 
NA 
ND 

9 3 9 w  
NA 

5.63- 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

S.00E-M 
1.61E-M 
ND 
ND 
NA 
NA 

2.16E-05 
NA 
ND 
NA 
NA 
NA 
NA 
NA 

3 6 2 W  
NA 
NA 

fs3E-03 
NA 
ND 

2.72w 
NA 

3.62EM 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

ZUIEM 
ND 
ND 
NA 
NA 

9.22E-M 
NA 
ND 
NA 
NA 
NA 
NA 
NA 

1.12Ew 
NA 
NA 

557JM2 
NA 
ND 

1.48E-03 
NA 

128E-02 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.70~44 

Raptor [Daily Intake (pgkg bwlday)] Down Gradient 
Up Gradient On Site 

Mean M¶X Mean Mar Mean Mar 

ND 
NA 

786E-M 
2lOE-M 
ND 
ND 
NA 
NA 

8.71W 
NA 
ND 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

62SM3 
NA 
ND 

5.76E-05 
NA 

l.72E-03 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

3 2 8 ~  

ND 
NA 

2.49E-03 
1.40505 
ND 
ND 
NA 
NA 

S52E-05 
NA 

278m3 
NA 
NA 
NA 
NA 
NA 

2.07M5 
NA 
NA 

1.08E-01 
NA 
ND 

1.90M3 
NA 

lSlE-03 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

2 2 3 m  
2.93E-M 
ND 
ND 
NA 
NA 

5.61E-00 
NA 

2.78M3 
NA 
NA 
NA 
NA 
NA 

8.VE-M 
NA 
NA 

153E+OO 
NA 
ND 

939E-03 
NA 

5.633.03 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

5.ooEro5 
1.61EM 
ND 
ND 
NA 
NA 

2.16E-05 
NA 
ND 
NA 
NA 
NA 
NA 
NA 

3.62E-05 
NA 
NA 

653E-03 
NA 
ND 

2.72E-00 
NA 

3.62W 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

27Oe-04 
2 5 8 W  
ND 
ND 
NA 
NA 

9 2 2 W  
NA 
ND 
NA 
NA 
NA 
NA 
NA 

1 . 1 m  
NA 
NA 

5sIE-02 
NA 
ND 

1.48EM 
NA 

1.28E02 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

Small Herbivore [Daily Intake (pgkg bwlday)] 

Mean MaX Mean Max Mean Mar 
Down Gradient Up Gradient On Site 

ND 
NA 

232E-04 
3293-03 
ND 
ND 
NA 
NA 

13SE-04 
1.4- 
ND 

3soEoQ 
NA 
NA 

4.14W 
NA 

1 2 m  
NA 
NA 

7 . 7 2 w  
NA 
ND 

1.41E-03 
NA 

3.12SOS 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

5.79E.04 
553EM 
ND 
ND 
NA 
NA 

13SE-04 
3.w5-03 
ND 

1.43 W 
NA 
NA 

l.lOE.04 
NA 

1.63E-02 
NA 
NA 

3.40EoL 
NA 
ND 

7.36E-m 
NA 

9 . m  
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

7 3 E M  
2.20- 
ND 
ND 
NA 
NA 

853EM 
9.61E-04 
2223-04 
L39E-04 
NA 
NA 

4313-05 
NA 

3.003-04 
NA 
NA 

lE-01 NA 

ND 
4.66E-ot 
N4 

3.283-05 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

658EO2 
459E-03 
ND 
ND 
NA 
NA 

8.68- 
mEM 
wE-04 
1.12EM 
NA 
NA 

9.44E-05 
NA 

3.40EM 
NA 
NA 

189E+00 
NA 
ND 

231W 
NA 

1.ME-04 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

t . 4 w  
u 3 E M  
ND 
ND 
NA 
NA 

333345 
2.0lEM 
ND 

2.63Ew 
NA 
NA 

S3QEQS 
NA 

LMEM 
NA 
NA 

8 . M  
NA 
ND 

6.69EM 
NA 

656345 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

7.95Erw 
4.04E-03 
ND 
ND 
NA 
NA 

1.43E-04 

ND 
6- 
NA 
NA 

9.6lEM 
NA 

433E-03 
NA 
NA 

688EoL 
NA 
ND 

3.63M 
NA 

2 3 1 W  
NA 

NA 
NA 
NA 
NA 
NA 
NA 

amE-03 
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Table 4.5-14. Miminary Hotord Quotients Based on To Be Considered IValues for Terrestrial Mfdf(fe and Birds for rhe Surface Watw Ingestion Pathwcry (continued) 

Large Herbivore [Daily Intake (pgkg bw/day)] 

MCan MaX M- Max MCM Max 
Up Gradient On Site DownGradi 

At3 
Al 
A!4 
Ba 
Be 
cd 
co 
Cr 
cu 
Fe 
HI3 
Mn 
Mo 
Na 
Ni 
NO3 
Pb 
so 
sb 
so 
Sn 

U 
V 
zn 
K-40 

-226 
Ra-228 
Th-230 
Th-232 
u-234 
U-238 

n 

ND 
NA 

l.lOE-04 
823E-W 
ND 
ND 
NA 
NA 

126E-03 
358E-04 

ND 
I .66E-04 

NA 
NA 

1~.04E-05 
NA 

7.92E-05 
NA 
NA 

138E-03 
NA 
ND 

3 s 4 w  
NA 

1.46E-05 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

2.75E-04 
138E-03 
ND 
ND 
NA 
NA 

126E-03 
8.35E-04 
ND 

6.25E-04 
NA 
NA 

2.75E-05 
NA 

1.02E-03 
NA 
NA 

6.06E-03 
NA 
ND 

1 
NA 

4.25E-05 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

ND ND 
NA NA 

3.49E-03 3.13E-02 
5.5OE-04 l.lSE-03 
ND ND 
ND ND 
NA NA 
NA NA 

8.00E-04 8.14E-03 
2.40E-04 7.00E-04 
5.56E-05 5.56E-05 
1.OSE-04 4.91E-04 

NA NA 
NA NA 

1.08E-05 2.36E-05 
NA NA 

5.00E-05 2.13E-04 
NA NA 
NA NA 

238-2 338E-01 
NA NA 
ND ND 

1.16E-02 5.77E-02 
NA NA 

1.54E-05 4.79E-05 
NA NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

7.00E-05 
631E-04 
ND 
ND 
NA 
NA 

3.13E-04 
5.02E-04 

ND 
l.lSE-04 
NA 
NA 

1.33E-05 
NA 

8.75E-05 
NA 
NA 

I 4E-03  
NA 
ND 

I .67M3 
NA 

3.08E-05 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

3.78E-04 
1.01E-03 
ND 
ND 
NA 
NA 

1.34E-03 
2.23E-03 
ND 

2.88E-04 
NA 
NA 

2.40E-05 
NA 

2.7 1 E-04 
NA 
NA 

123E-02 
NA 
ND 

9.07E-03 
NA 

1.08E-04 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

Small Omnivore [Daily Intake @& bwlday)] 
Up Gradient On Site Dom Gradient 

Mean Mar MUM M a  MUM MaX 

ND 
NA 

11.45E-04 
2.06E-03 

ND 
ND 
NA 
NA 

8.42E-05 
8.95E-04 

ND 
2.38E-04 

NA 
NA 

2.59E-05 
NA 

7.92E44 
NA 
NA 

4.82E-03 
NA 
ND 

8.84E-W 
NA 

1.95E-05 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

3.62E-04 
3.46E-03 

NL, 
ND 
NP . 
NP 

8.42E-05 
2.09E-03 

ND 
8.93E-04 

NA 
NP. 

6.88E-05 
Nlr. 

1.02EQ2 
NP. 
NPt 

2.13EQ2 
NP. 
ND 

4.60E.03 
Nk I 

5.67E-05 
NA 

ND 
NA 

4.59E-03 
11.38M3 

ND 
ND 
NA 
NA 

5.33E-05 
6.01E-04 
1.39E-04 
1.5oE-04 

NA 
NA 

2.69E-05 
NA 

5.00E-04 
NA 
NA 

833E-02 
NA 
ND 

2.9 1 E-02 
NA 

2.05E-05 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND ND 
NA NA 

4.11E-02 921E-05 
2.87E-03 1.58E-03 
ND ND 
ND ND 
NA NA 
NA NA 

5.43E-04 2.08E-05 
1.75E-03 126E-03 
I .39E)4 ND 
7.01E-04 1.64E-04 

NA NA 
NA NA 

5.90E-05 3.31E-05 
NA NA 

2.13E-03 8.75E-04 
NA NA 
NA NA 

1.18E+00 5.04E-03 
NA NA 
ND ND 

1.44u)l 4.18E-03 
NA NA 

638MS 4.10E-05 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

ND 
NA 

4.97E-04 
2.52E-03 
ND 
ND 
NA 
NA 

8.92E-05 
5.56E-03 
ND 

4.11E-04 
NA 
NA 

6.00E-05 
NA 

2.71E-03 
NA 
NA 

430E-02 
NA 
ND 

227E-02 
NA 

1.45E-04 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

5.79E-05 
8 . 2 3 M  

ND 
ND 
NA 
NA 

3.37E-05 
3.58E-04 

ND 
9.5oE-05 

NA 
NA 

1.04E-05 
NA 

3.17E-04 
NA 
NA 

1.93E-03 
NA 
ND 

3.54E-04 
NA 

7.80E-06 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

1.45E-04 
138E-03 
ND 
ND 
NA 
NA 

3.37E-05 
8.35E-04 
ND 

3.57E-W 
NA 
NA 

2.75E-05 
NA 

4.08E-03 
NA 
NA 

8.51E-03 
NA 
ND 

1.84E-03 
NA 

2.27E-05 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

1 
5.5OE-W 
ND 
ND 
NA 
NA 

2.13E-05 
2.40E-04 
133M5 
5.99E-05 

NA 
NA 

1.08E-05 
NA 

2.00E-04 
NA 
NA 

333E-02 
NA 
ND 

1.16E-02 
NA 

820E-06 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

1.64E-02 
l.lSE-03 
ND 
ND 
NA 
NA 

2.17E-04 
7.00E-04 
133E-05 
2.80E-04 

NA 
NA 

2.36E-05 
NA 

8.50E-04 
NA 
NA 

4.74E-01 
NA 
ND 

5.77E-02 
NA 

2.55E-05 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

3.68E-05 
631E-04 
ND 
ND 
NA 
NA 

833E-06 
5.02E-04 
ND 

6.5733-05 
NA 
NA 

1.33W5 
NA 

3.50E-04 
NA 
NA 

2.ME-03 
NA 
ND 

1.67E-03 
NA 

I .64E-05 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

ND 
NA 

1 .99E-04 
1.01E-03 
ND 
ND 
NA 
NA 

3S7E-05 
223E-03 
ND 

1.64E-04 
NA 
NA 

2.40E-05 
NA 

1.08E-03 
NA 
NA 

1.72E-02 
NA 
ND 

9.07E-03 
NA 

5.78E-05 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
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Table 4.5-20. Summary of Data Quality Objectives for the Suface Water Investigation 

Inputs 

Sam*& Data Adim Laveis w- Assesaleot 
Endpoint Objective D4dsiom Data Input Data Some Adyticsl Tedmiqms 

Protection of Montczuma Creek 
fish populations and San Juan 
River endangered fish populations 
from deleterious effects associated 
with elevated concentrations of 
metals and radionuclides 

Assess whether chemical concentrations 
are site-related. 

Arc chemical 
concentrations in surface 
water greater than 
background 
concentrations? 

Surface water analytical 
data. 

Surface water data collected 
from Montezum Creek. 

Significantlyhigher 0 Snmpling 
than back-ground at 
BO% confidence and 

Submersion of sample W e  and 
peristaltic pump 

90% powa 
*Analys i r  

* sampling 
.. section 4.5.4.3 

Submersion of smple b d e  and 
peristaltic punp 

* Analysis 
Section 4.5.4.3 

Surface water in Moatauma 
Creek and emocbtd beava 
ponds downstream trCnn historic 
taiiings deposition. 

Surface water at the coduence of 
Montezuma Creek and Verdure 
Creek. 

Surface water analytical 
data. 

Surface water data collected 
from above the confluence 
of Monterum Creek and 
Verdure Creek. 

Background surface 
water analy.ical data 
(collocated with 
background biotic 
samples). 

Surface water data collected 
from Verdure Creek. 

* 
Submemion oi rample bottle and 
per id t ic  punlp 

* *  
section 4.5.4.3 

Surface water from the reference 
dminage, Verdure Creek, and 
aaaociated beaver poods . 

Computed' from surface 
water data collected' from 
Montezuma Creek 

Sampling Acute and chronic 
AWQC for chemicals Fiild Sampling plane 

Montc.zunm CrrcLdowmtran 
h h i d e  Hi1 deposition, 
and Verdum C m k .  

Assess whether chemical concentrations 
in Surcece water are toxic to 4 ~ i c  
rreeptom, excluding mammals. 

Measuremmt Ehdpoint: 
Are chemical 
concentrations in water 
p a l e r  than AWQC? 

Average aml RME 
surface-water 
concentratinns 

SM Juan River dowm&eam tom 
ita confluence witb hhntumm 
Creek. 

Assess whether elevated metal and 
radionuclide conccntration~ in aurface 
water of Montmmra Creek would 
decreaac the aumivability and 
q~roductive aucceaa of aquatic 
rrccpcor~ in Montczuma Creek and 
endangered fish apecicr in the San Juan 
River. 

Are potential impacts 
significant for aquatic 
mcptom including 
CndMgCred fill 

Endangered fish mwey 
and acnsitivky data for 
S m  Juan Ri wer 

USFWS or Utah DEQ ETAG conaenms 

Surface water data collected 
from Montezum Creek 

* SupcrFund Expoanre Aascamcnt San Juan River downatram tram 
ita confluence with M ~ n l e ~ ~ m a  
C d .  

uamral 
Surface-wator mdeling 

Computed from data 
collected from Montezuma 
Creek 

TBVs for beaver or 
muskrat. 

Protection of muskrat populations 
from deleteriour effects aaaociated 
with elevated C O ~ ~ ~ I I ~ K I I ~ O M  of 
metalr and radionuclides 

Assess whether chemical concentrations 
in aurface water arc toxic lo muakrat. 

Average anc' RME 
aurface-water 
concentrations 
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Table 4.5-20. Sumpnary of Daa Qualiiy Objectives for the Surface Water Investigation (continued) 

Inputs 

Data Actio0 Levels Sampling and Assessment 
Endpoint Objective Decisions Data Input Data Source AnaIy6:aI Techniques Stndy Bonndm'es 

Protection of terrestrial receptors 
(mule deer. deer mouse, 

spotted bat, and peregrine falcon) 
from deleterious effects associated 
with elevated concentrations of 
metals and radionuclides. 

S O U U I W ~ S ~ ~  willow-flycatchm, 

AWQC Ambient Water Quality Criteria 
DEQ Department of Environmental Quality 
ETA0 Ecological Tech&xl Assistnnce Group 
RME Ressomble maximum exposure 
TBV Toxicity benchmark value 
USFWS U.S. Fish end Wildlife Swices  

TBVs for terrestrial bkasurement Endpoints: Average asd RhlE Computed from data 
Are chemical surface water collected from Montezum receptors 
concentrations in surface concentrations Creek 
water greater than TBVs? 
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Table 4.5-21. Sun~mary of Data Quality Objectives for the Sedintent Investiga'on 

Inputs 

Data Action Sampling and Study Assessment 
Endpoint Objective Decision Data Input Data Sources L e d  Analytical Techniques Bonndaries 

Sediment from two depths in 
Montezuma Creek and 
associated beaver ponds 
downstream from historic 
tailings deposition 

Protection of aquatic prey Assess whether chemical Are chemical concentrations Sediment analytical data Sediment darn collected Significantly higher than . Sampling 
species populations from concentrations are siterelated in sediment greater than from Montezuma Creek background at 80% 

with elevated concentrations of power 

Hard sediment corerlauger or 
deleterious effecrn associated background concentrations? and ponds confidence and 90% scoop 

metals and radionuclides. . Analysis 
Section 4.5.4.3 

Sediment analytical data Sediment darn to be 
collected from above the 
confluence of Montezuma 
and Verdure Creeks. 

Background sediment 
analytical data collected from Verdure 
(collocated with Creek andl ponds 
background biotic 
samples) 

Sediment data to be 

Assess whether chemical Measurement Endpoint: Average and RhlE Computed from sediment Sediment criteria for 
concentrations in sediment are toxic Are chemical concentratiom sediment conce~trationa dam collected from chemicals 
to aquatic receptors in sediment greater than Montezuma Creek and 

available sediment criteria? ponds 

Endangered fish survey USFWS 
and sensitivity data for 
San Juan River 

ETAG consensus 

. sampling Sdiment from two depths at 
the confluence of Montezuma Hard sediment corcrlaugcr or 

scoop and Verdure Creeks. 

. Analysis 
Section 4.5.4.3 

. sampling Sediment from two depths from 
the reference arainage, Verdure 
Creek, and associated beaver 
ponds 

Hard sediment comlauger or 
=ooP 

. Analysis 
Section 4.54.3 

San Juan River downstream 
from its confluence with 
Montuuma Creek 
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Table 4.5-21. Summary of Data Quality Objectives for the Sediment Investiganon (continued) 

Inputs 

Assesjmeat Data Action Sampling and Study 
Endpoint Objective Decision Dab Input Data Sources Level Analytkal Technique; Boundaries 

Protection of muskrat Assess whether chemical hleasurement Endpoint: Average and RME Computed from sediment TBVs for muskrat 
populations from deleterious concentrations in sediment are toxic Are calculated chemical doses sediment concentrations data collected from 
effects associated with elevated to muskrat. to reccptom greater than for Montezuma Creek Montezuma Creek and 
concentrations of metnls and TBVS? and ponds ponds 
radionuclides 

ETA0 Ecological Technical Assistance Group 
RME Reasonable maximum exposure 
TBV Toxicity benchmark value 
USFWS U.S. Fish and Wildlife Service 
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Assessment 
Endpoint 

~~ 

Protection of terrestrial 
mepptors (mule deer and deer 
mouse) from deleterious effects 
associated with elevated 
concentrations of metals and 
radionuclides in soil. 

TcJlk 4.5-22. Sunimury of Data Quality Objectives for the Soil Invesrigan'on 

Inputs 

Sampling and 
Stody Boundaries Data Action Levels Analytical Techniqucs Objective Decisions Data Input Data Source 

Assess whether Are chemical concentrations in Focused study area soil Soil data collected from Significantly higher . Sampling 
chemical concarstions soil greater than background analytical data Monterurna Canyon than background at Scoop1 Auger 
are site-related concentrations? 80% confidence and 

90% power . Analysis 
Section 4.5.4.3 

Background' soil 
analytical data. 

Soil data to be collected 
liom Verdure Canyon 

Assess whether hleasarement Endpoint: Average and RME soil Computed from focused 
chemical concentrations Are chemical concentrations in concentrations iitudy area soil data. 
in soil are toxic to 
populations of terrestrial 
 ecological^ receptors 

surface soil greater than TBVs? 
(Confidence = 80%; 
Power = 90%; MDRD S 40%) 

TBVs for mule deer 
and deer mouse 

. Analysis 
Section 4.5.4.3 

Soil from Montezuma Canyon 

Soil from Verdure Canyon 

cv Coefficient of variation 
MDRD Mininum detectable relative difference 
TBV Toxicity benchmark value 
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Table 4.5-23. Swnriiary of Data Quality Objectives for the Terrestiial Biota Invesngm'on - Perennial Grasses 

Inputs 

AFsgsment sampfing and 
Data Action Level Analytical T d q l l e s  Study Boundaries Eudpaint Objective Dedsion Data Input Data Sources 

Significantly higher than background at 80% . Sampling 
confidence and'90R power 

Protection of mule deer, Assess whether chemical Are chemical Soil analytical data Soil data colleaed 
deer mouse, and muskrat concentrations in concentrations in (collocated with during field sensons 
populations from collocated soil samples collocated soil ssmples perennial1 grass samples) 1994- 1 995. 

aseoeiated with elevated concentrations? Section 4.5.4.3 
concentrations of metals 
and radionuclides. 

Scoop/auga 

deleterious effects are site-related greeter than background * Analysis 

Background soil 
analytical data 
(collocated with 
background perennial 
grass samples) 

Pvennial grass tissue Assess whether chemical1 
concentrations in concentrations significantly analytical data 
perennial grasseci are site 
relatedl 

Are chemical tissue 

greater than background 
tissue concentrations 
(80% Confidence; 

MDRD S 40%)? 
90% Power, 

Background perennial 
grass tissue  analytical^ 
data 

Dae a correlation exist 
between collocated abiotic 
and biotic data? 

Assess whether chemical Arc chemicals 
concentrations in bioaccumulating onsite 
perennial grasses result 
in decreased population 
success of mule deer, 
deer mouse, or muskrat. 

relative to reference area? 

Soil analyticall data 

Perennial grass tissue 
analytical data 

Chemical detections in 
soil and perennial 
grasses 

Data collccter from 
Verdure Canjon 

sampling 

Analysis 

Scooplaugs 

Section 4.5.4.3 

Data collectec from Significantly higher than hackground at 80% . h p b g  
Montcruma Canyon confidence and 90% power Clip at ground level 

. A=&+: 
Refer to Section 4.5.4.3 

Data collected from Significantly higher than background at 80% . Smpling 
Verdure Canyon confidence and 90% power Clip at ground level 

Analysis 
Section 4.5.4.3 

Soil data collectd from 
Montuuma Canyon 

Statistical performance goals 
(80% Confidence; 90% Power; 
540% MDRD) 

Parametric or nonparametric titatistics an 
dictated by data 

Data collected from 
hlontcruma Canyon 

Soil data fmri 
Montuuma Canyon area data 

Acceptable tissue concentrations and refence Parametric or nonparamCtnc utatiaica an 
dictated by data. 

Soil in Montenrma Canyon 

Soil in the reference area, 
Verdure Canyon 

Montezuma Canyon - 
rr 

Verdure Canyon 
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Table 4.5-23. Summary of Data Quality Objectives for the Terrestrial Biota Investigation - Perennial Grasses (continued) 

Inputs 

AueJsmeot sampling and 
Endpoint Objective Docision Data Input Data Sources Data Action Level  AnalyticalTeEbsiques Study Bonndarie 

Do elevated chemical 
concentrations in perennial perennial grasses Montezuma Canyon 
grassea defrense 
population success of 
herbivores? 

Chemical detections in Vegetation data from TBVs for mule deer, deer mouse. and 
muskrat 

cv Coefficient of variation 
SDRD Minimum detectable relative difference 
TBV Toxicity benchmark value 

Measurement Endpoint: Modeled dietary Vegetation data from TBVs for mule deer, deer mouse, and 
Are modeled dietary chemical intakes in Montetllme Canyon muskrat 
intakes greater than TBVs? herbivores 

&ptambor 1996 
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Table 4.5-24. Summary of Data Quality Objectives for the Terrestrial Biota Investigation - Forbs 

Inputs 

Assessment Sampling and  
Data Action Level Analytical Techniques Study Boundaries 

Protection of mule deer Assess whether chemical Arr chemical Focused study area soil Soil data collected from Significantly higher than . Sampling Soil in Montauma Canyon 
and deer mouse concentrations in concentrations in analytical data (collocated Monteruma Canyon background at 80% Scooplauger 

with forb samples) populations from collocated soil samples collocated mil samples 

aseciated with elevated concentrations? Section 4.5.4.3 
concentrations of heavy 
metals and radionuclides. 

Endpoint Objective Decisioo Data Input Data Sources 

confidence and 90% 
deleterious effecta are site-related greater than background power . Analysis 

Background surface and 
subsurface soil analyticai Verdure Canyon 
data (collocated with 
background shmb samples) 

Data collected from sampling 
scoop 

AnaIysis 
Section 4.5.4.3 

Soil in the reference area, 
Verdure Canyon 

Assess whether chemical Are chemical tissue Forb tissue analytical da n Data collected from Significantly higher than . Sampling Monterum Canyon 
concentrations in forbs concentrations significantly Montezuma Canyon background at 80% Clip nt ground level 
are site-related greater than background confidence and 90% 

tissue concentrations power . Analysis 
(80% Confidence; Section 4.5.4.3 
90% Power; 
MDRD S 40%)? 

Data collected from Background forb tissue 
a ~ l y t i ~ a l  data Verdure Canyon 

. sampling Verdure Canyon 
Clip at ground level 

. Analysis 
Section 4.5.4.3 

Does a cornlation exist Surface and subsurface soil Soil data collected from Statistical performance Parametric or nonparamtk 
between collocated abiotic analytical data Montezuma Canyon goals (80% Confidence; statistics as dictated by data 
and biotic data? 90% Power; 

MDRD 5 40%) 

Forb tissue analytical data Data collected from 
klontezuma Canyon 

Assess whether chemical Are chemicals 
concentrations in forbs bioaccumulating onsite 
result in decreased 
population success of area? 
herbivores. 

relative to the reference 

’ Analysis Acceptable tissue Soil data from 
Montezuma Canyon concentrations and Section 4.5.4.3 

reference area data 

Chemical detections in soil 
and forbs 

septombor 1996 
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Table 4.5-24. Summary of Data Quality Objectives for the Terrestrial Biota Investigation - Forbs (continued) 

Inputs 

Assessment Sampling and 
Study Boundaries Analytical lirhniques Data Sources Data Action Levd Endpoint Objective Qecision Data Input 

Measurement Endpoint: Modeled dietary chemical1 Vegetation date from TBVs for mule deer end 
Are modeled dietary intnkes in herbivores Montezuma Canyon deer mouse 
intakes grater than TBVs? 

Do elevated chemical Chemical detections in forbs Vegetation data from TBVs for mule deer and . Analy~k 
concentrations in forbs Montezuma Canyon deer mouse Section 4.5.4.3 
decrease population 
success of herbivores? 

- 
cv Coefficient of variation 
MDRD Minimum detectable relative difference 
TBV Toxicity benchmark value 
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Assessment 
Endpoint Objective 

Table 4.5-25. Swlunary of Data Quality Objectives for the Terrestrial Biota Investigation - Shrubs 

'Inputs 

Decision 
sampling and 

Study Boundaries Analytical Technittoes Data Sources Data Action Level  Data Input 

Protection of mule deer Assess whether chemical Am chemical 
and muskrat populations concentrations in concentrations in 
from deleterious effects collocated soil sample6 collocated1 soil samples 
assciated with elevated arc site-related greater than background 
concentrations of heavy concentrations? 
metals and radionuclides. 

Focused study a m  soil Soil data collected from Significantly higher than . Sampling 
analytical data (collocated Montezuma Canyon background at 80% Scooplauger 
with shrub samples) confidence and 90% 

power . Analysis 
section 4.5.4.3 

Background surface and 
subsurface soil analytical 
data (collocated with 
background shrub samples) 

Data collected from 
Verdure Canyon 

Assess whether chemical Arc chemical tissue Shrub tissue analytical data Data collected from 
concentrations in shrubs concentrations significantly Montezumn Canyon 
arc sitcrclated greater than background 

tissue concentrations 
(80% Confidence; 
90% Power; 
MDRD 5 40%)? 

Background shrub tissue 
analytical data 

Data collected from 
Verdure Canyon 

. sampling 
scoop 

* Analysis 
Section 4.5.4.3 

Significantly higher than Sampling 
background at 80% 
confidence and 90% 

Clip at ground level 

power . Analysis 
SectiM4.5.4.3 

. sampling 
Clip at ground level 

Analysis 
Section 4.5.4.'3 

Does a correlation exist Surface and subsurface soill Soil data collected from Statistical performance Parametric or nonparametric 
between collocated abiotic analytical data Montauma Canyon goals (80% Confidence; statistics as dictated by data 
and biotic data? 90% Power; 

MDRD 5 40%) 

Shrub tissue analytical data Data collected from 
Montauma Canyon 

Asseas whether chemical Am chemicals 
concentrations in shrubs bioaccumulating onsite 
result in decreased 
population success of area? 
herbivores. 

relative to the reference 

Chemical detections in sJil 
and shrubs 

Soil data from 
Montauma Canyon 

Acceptable tissue 
concentrations and 
reference a n a  data 

. Analpsis 
Seaion 4.5.4.3 

Soil in Montezume Canyon 

Soil in the rcfaence area, 
Verdure Canyon 

Montezuma Canyon 

1 

Verdure Canyon 



Table 4.5-25. Summary of Data Quality Objectives for the Terrestrial Biota Investigation - Shrubs (continued) 

Inputs 

AsEgsmont Sampling and 
Study Boundaries Endpoint Objective Desision Data Input Data Sources Data Action Level  AnalyticalTechniques , 

Measurement Endpoint: Modeled dietary chemical Vegetation data from TBVs for mule deer and 
Are modeled dietary intakes in herbivores Monterum Canyon muskrat 
intakes greater than TBVs? 

Do elevated chemical Chemical detections in Vt:getation data from TBVs for mule deer and . Analysis 
concentrations in shrubs ahrubs 
decrease population 
success of herbivores? 

muskrat Section 4.5.4.3 Montezuma Csnyon 

cv Coefficient of variation 
MDRD Minimum detectable relative difference 
TBV Toxicity benchmark value 

Remadiil lnvestigetions 64DtWVlbM 1996 DOE-GJPO _ . ~  ~ 
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Assessment 
Endpoint 

Table 4.5-26. Swnmary of Data Quality Objective: for the Terrestrial Biota Investigation - Terrestrial Invertebrates 

Objective 

Protection of d m  mouse 
populations from 
deleterious effects 
asaciated with elevated 
concentrations of heavy 
metals and radionuclides. 

Assess whether chemical1 Are chemical 
concentrations in concentrations in 
collocated soill samples 
are site-related greater than background 

collocated soil samples 

concentrations? 

Ioouls 

Sampling y d  
Data Input Data Sources Data Actio0 Hard1 Analytical Techniques Study Boundaries 

Focused study area soil Soill data collected' from Significantly higher than . Sampling Soil in Monteruma Canyon 
analytical data (collocated Montezuma Canyon background at 80 96 Scboplauger 
with ternstrial inverteb -ate confidence and 90% 
samples) power . Analysis 

Section 4.5.4.3 

Background surface and 
subsurface soil analytictil Verdure Canyon 
data (collocated with 
background terrestrial 
invertebrate samples) 

Data collected from 

Assess whether chemical Are chemical tissue Terntrial invertebrate 
concentrations in concentrations significantly tissue analytical data 
terrestrial invenebrates greater than background' 
are site-relaled tissue concentrations 

(80% Confidence; 
90% Power; 
MDRD S 40%)? 

Data collected from 
Montezuma Canyon 

Assess whether chemical 
concentrations in 
terrestrial invertebrates 
result in decreased 
population success of 
herbivores. 

Background terrestrial Data collected from 
invenebrste tissue anslytical Verdure Canyon 
data 

. sampling 
scoop 

. Analysis 
Section 4.5.4.3 

Significantly higher than . Sampling 
background st 80% 
confidence and 90% 

Clip at ground level 

power Analysis 
Section 4.5.4.3 

sampling 
Clip at ground level 

* Analysis 
Section 4.5.4.3 

Does a correlation exist Surface and subsurface aoil Soil data collected from Statistical performance Parametric or nonparametna 
between collocated abiotic aMlytiCa1 data Montauma Canyon goals (80% Confidence; atstistics as dictated by data 
and ibiotic data? 90% Power; 

MDRD S 40%) 

Terrestrisl invertebrate Data collected from 
tissue analytical data Montezuma Canyon 

Are chemicals 
bioaccumulating onsite 
relative to the reference 
area? 

Chemical detections in :roil 
and terrestrial invertebrstes Montezurna Canyon 

Soil data from Acceptable tissue 
concentrations and 
reference area data 

. Analysis 
Section 4.5.4.3 

Soil in the refmnce area. 
Verdure Canyon 

Montezuma Canyon 

Verdure Canyon 

Remedial Iltvestigetions (laptember 1996 
Pnga 4-208 DRAFT FINAL 

DOE-GJPO 
RllFS Work Plan 



Table 4.5-26. Summury of Data Quality Objem'ves for the Terrestrial Biota Investigation - Terrestrial Invertebrates (continued) 

Inouts 

AsJessment 
Endpoint Objective Decision 

Sampling and 
Andyticd Tzchniques Study Boundaries Data Action Level Data Input Data Sources 

cv Coefficient of variation 
MDRD Minimum detectable relative difference 
TBV Toxicity benchmark value 

Measurement Endpoint: Modeled' dietary chemical Vegetation data from 
Are modeled dietary intakes in herbivores Montezuma Canyon 
intakes greater than TBVs? 

Do elevated chemical Chemical detections in 
concentrations in tmestrial terrestrial invertebrates 
invertebrates decrease 
population gllccesa of 
herbivores? 

Vegetation data from 
Montezuma Canyon 

TBVs for deer mouse 

TBVs for deer mouse . Analysis 
Section 4.5.4.3 

DOE-GJPO Remedial hertigations S e p b m b r  1996 
RIPS Work Plan DRAFT FINAL Pago 4-209 



T d l e  4.5-27. Swrwary of Data Quality Objectives for the Terrestrial Biota Investigation - CiiflStvallow as Surrogate for Western Willow Flycatcher and Spotted Bat 

Inputs 

Assessment Sampling aud 
Data Action Level Analytical Techniques Study Boundaries Data Input Data Sources Endpoint Objective Decision 

Protection of .southwestern willow Assess whether chemical Are chemical Focused study area cliff Data collected from Significantly higher than . Sampling Available cliff swallow nests in 
flycatcher and spotted bat populations concentrations in cliff swallow concentrations in tissue swallow-nestling tissue Montenuna Canyon background at 80 % Field Sampling Plan Montmrma Canyon 
from deleterious effects associated with nestling tissues are site relared. greater than background analytical data. confidence and 90% 

and radionucfides. Section 4.5.4.3 
elevated concentrations of heavy metals concentrations? power * Analysis 

Background cliff Data collected from 
swallow-nestling tissue Verdure Canyon 
a~ ly t i ca l  data. 

Does a cornlation exist Focused m d y  area Data collected from Parametric or non- 
between collocated abiotic sediment analytical data Montezuma Creek parametric statistics as 
and biotic data? dictated by data 

distribution 

Focused study area cliff Data collected from 
swallow-nesting tissue Montetuma Canyon 
analytical data 

Assess whether chemical Are chemical tissue Histopathological results Data collected from 
concentrations in cliff swallow concentrations resulting in for onsite tissue (liver, hlontezumn Canyon 
nestling tissue are indicative of pathological changes lbascd kidney) 
impaired sumivability or on histopathology? 
reproductive success of westem 
willow flycatcher or Totted bats. 

Histopathological results Data collected from 
for background tissue Verdure Canyon 
(liver, kidney) 

. b P W  Available cliff swallow nests in 
Reld Sampling Plan Verdure Canyon 

* Analysis 
Section 4.5.4.3 

5 

~ Montezuma Creek and ponds 

Comparison to the . sampling 

. Analysis 

histopathological results Field Sampling Plan 
for the reference a m  

Seetion 4.5.4.3 

sampling 
Field Sampling Plan 

AnalySiS 
Section 4.5.4.3 

Available cliff swallow nests in 
Montauma Canyon 

Available cliff swallow nuds in 
Verdure Canyon 

Remedial I~~estigstions hptcirnbor 1995 
P o p  4-210 

DOE-GJPO 
DRAFT FINAL RIES Work Plan 



Table 4.5-27. Swnm~ry of Data Qualiry Objectives for the Terrestrial Biota Investigation - Cli$Swallow as Surrogate for Western Wllow Flycatcher and Spotted Bat (continued) 

Assessment Sampling and 
Endpoint Objective Decision Data Input Analytical Techniques Study Boundaries Dah Sources Data Action L e v e l  

ETA0 Ecological Technical Assistance Qroup 

Do individual or combined 
results of the background 
comparison, 
histopathology, and 
ecological survey suggest 
impaired population 
success for the 
routhwestern willow 
flycatcher? 

Do individual or combined 
results of the background 
comparison and 
histopathology suggest 
impaired population 
success for the spotted bat? 

ETAG consensui 

ETAG consensus 

DOE-GJPO Remedial Imestigations Wtarnbr 1996 
RllFS Work Plan DRAFT flNAL Pow 4-21 1 



Table 4.5-28. Summary of Data Qualiry Objectives for the Terrestrial Biota Invesrigarion - Clif  Swallow as Dietary Intake for the Peregrine Falcon 

Inputs 

Assgsment Sampling and 
Study Boundaries Analytical Fahniques Data Sources Data Actio0 Level Endpoint Objective Decisioo Data Input 

Protection of peregrine falcon Assess whether chemical concentrations Are chemical concentrations in whole Focused study ares cliff Data collected from Significantly higher than * Sampling 
populations from deleterious effech in cliff swallow nestlings (whole body) body cliff swallow nestlings greater swallow-nestling tissue Montezum Canyon background at 80 96 
assoeiated with elevated concentrations are site-related. than ibackground concentrations? aMlytiCa1 data confidence and 90% 

Field Sampling Plan 

of heavy metals or radionuclides power * Analytical 
Ssection 4.3.4.3 

Does a comlation exist between 
collocated abiotic and1 biotic data? 

Background cliff Data collected from 
swallow-liestling tissue Verdure Canyon 
a~ ly t i ca l  data 

Data collected from Parametric or non- 
parametric statistics as 
dictated by data 
distribution 

Focused study area 
sediment analytical data Montezuma Creek 

Focused study area cliff Data collected from 
swallow iiesting tissue Montezuma Canyon 
analytical data 

Assess whether chemical concentrations Measurement Endpoint: Modeled dietary intake Cliff swallow nestling TBVs for peregrine 
in cliff swallow nestlings (whole body) 
result in decreased survivability and 
population success of peregrine falcons 

Are modeled dietary intakes for the 
peregrine felcon greater than TBVs? 

for peregrine falcons tissue data falcons or similar taxa 

TBV Toxicity benchmark value 

* SampGng 
Field' Sampling Plan 

* Analysis 
Section 4.4.4.3 

. sampling 
Field Sampling Plan 

* Analysis 
Seection 4.5.4.3 

Available cliff swallow 
nests in Montezuma 
Canyon 

Available cliff swallow 
nests io Verdure Canyon 

Montezuma Creek 

Remedial Investigations Bsptmlmber 1996 
Pogo 4-212 DOE-GJPO DRAFT FINAL RlES Work Plan 



Table 4.5-29. Swnmary of Data Quality Objectives for the Aquatic Biota Investigation - Benthic Macroinvertebrates 

Inputs 

Sampling and 
Analytical Techniques 

Assessment 
Endpoint Study Boundaries Objective Decision Data Input Data Sources Data Action Level 

Protection of aquatic prey Assess whether chemical Are chemical Focused study area sediment Soil data collected from Significantly higher than . Sampling Soil in Montczuma Canyon 
species populations from concentrations in 
deleterious effecu collocated sediment and collocated sediment and data (collocated with benthic confidence end 90% 
assciated with elevated surface water samples a n  surface water samples macroinvertebrate remples) 
concentrations of heavy site-related 
metnls and radionuclides. concentrations? 

concentrations in and surface water analytical Montetuma Canyon background at 80% Scooplauger 

power ' Analysis 
greater than background Section 4.5.4.3 

Background wrface and 
subsurface soil analytical Ilerdun Canyon 
data (collocated with 
background #benthic 
macroinvertebrate samples) 

Data collected from . sampling 
scoop 

. Analysis 
Section 4.5.4.3 

Assess whether chemical Are chemical tissue Benthic macroinvertebrate Data collected from Significantly higher than . Sampling 
concentrations in benthic concentrations significantly tissue analytical data Monteruma Canyon background at 80% Clip at ground level 
macroinvertebrates are greater than background confidence and 90% 
rite-related tissue concentrations power . Analysis 

Section 4.5.4.3 (80% Confidence; 
90% Power, 
MDRD S 40%)? 

Background benthic Data collected from 
macroinveflebratc tissue 
analytical data 

Verdure Canyon 
sampling 

Analysis 

Clip at ground level 

Section 4.5.4.3 

Does a cornlation exiat Sediment and surface water Sediment and surface Statistical performance Parametric or nonparametric 
water data collected lbetween colloated abiotic analytical dnta 

and biotic data? from Montezuma 90% Power; 
Canyon MDRD S 40%) 

goals (80% Confidence; statistics as dictated by dnts 

Benthic macroinvertebrate Data collected from 
Montezumn Canyon tissue analytical data 

Soil in the reference o ra .  
Ve rdure Canyon 

Montezuma Canyon 

Verdure Canyon 

DOE-OJPO Remedial I?vestigationr Saptambar 1995 
RllFS Work Ran DRAFT FINAL Page 4-213 
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Table 4.5-29. Summary of Data Qual@ Objectives for the Aquatic Biota Investigation - Benthic Macroinvertebrates (conrinued) 

Inputs 

AEsessment Sampliug and 
Study Bound& Analytical Techniques Endpoint Objective Decision Data Input Data Sources Data Action Level 

Assessment Endpoint: 
Rotection of muskrat 
populations from 
deleterious effects 
associated with elevated 
concentrations of heavy 
metals and radionuclides 

Assess whether chemical 
concentrations in 
eediment, rrurface water, 
and benthic 
macroinvertebrates result 
in decreased population 

apecies. 
BuCCesB of aquatic prey 

cv Coefficient of variation 
MDRD Minimum detectable relative difference 
TBV Toxicity benchmark value 

Assess whether chemical 
concentrations in 
sediment, surface water, 
end benthic invertebrates 
indicate that muskrat 
populations m y  be at 
risk 

Do chemical Chemical concentrations in Sedi nent and surface Long and Morgan 
concentrations in sediment sediment and surface water water data from (1990) ERR-L and ER-M 
and surface water exceed Montezum Canyon values. Federal and 
toxicity benchmark values State AWQC 
for aquatic organisms? 

Should muskrats be 
SOampled? 

Modeled dietary chemical Musicrat dose 
doses and hazard quotients calculations 
for muskrats 

Hazard quotients for aquatic 
prey species 

Aquatic prey species 
hazard quotient 
calculations 

ETAG concurrence To be determined To be determined 

r 

DOE-OJW Remedial Ikestigations (Leptember 1996 
RlES Work Plan DRAF FINAL Pa* 4-214 



Table 45-37. Derivation of LOAEL and NOAEL Values for OU 111 COPCs and Receptors 

Conbmlnant Benchmark Type Reference Uneertalnly Faclots Used Benchmark Benchmark - Uncsmlnty Factors Used Benchmark Uneertalnty Factors Used 
rw MUIO Deer for Mule Deer for Deer Mousa for Dear Mouse  (hrSpOtMBOt lor Spotted Bat 

kuminum 67ugfl AWQC chfmic 
2500 mg/kg d l  Sd155-75% wrvhral for WDOd buse ICF Kaiser 1989 0.5 dass. 0.5 lcto Loael, 0 5 b e l  to noad 312 5 05class.05Ictoloeel.05ba~tonoael 3125 0 .5~ .0 .5 Icbbae l .0 .5badtomad 312.5 

Arsenic 190 UgA AWQC chronic 
33 m ER-L, sediment 
300mglkgbw LOAELmallard 
22.5lngkgbw LOAELfat 

 long and Morgan 1992 
whitworll, et all991 
Schroeder et all968 11 25 mgkg bv 0 5 b e l  to noael 11 25mgikgbw 0.5 bad to noael 11.25mg/kgbw 0.5 load to noael 

Cobei! 61711ngkgbw -rat J Am Coa Tox 1'686.1992 0 5 ldS0 to bed, 0 5 bed to no%$ 1542 75 0 5 ld50 to bel. 0 5 bael to noad 1542 75 0 5 ld50 1G IC&, 0 5 W t o  noael 1542.75 

usn AWQCchroniC 
ER-L Sedimmt Long and Morgan 1992 

copper 
390 ppn 

361n#kpbw LOAELnd Sunte and Mllbr 1966 0 5 l a s d b ~  18mg/kgbw 0 5 bael to noael 18mg/l(gbw 0.5 kael b nosel 18mOlkgk 
22.8mg/kgbw NOAELchickm Opresko et all993 

Molybdenum 2400ppm NoAtL blueglll (water) OHM-TADS 1995 
OSld50toleeel,O5laaelbnoed 832!5mg/kebw 333mglkgbw LDSOrat OHM-TADS 1995 83 25 0 5 Id50 to b e l .  0 5 kael to naad 83 25 0 5 ldso to bed. 0 5 bael to noad 

Nltrate 507 mgkg bw NOAU gulnaa pg Sleight 8 Atalhh 1968 NIA  507 M g  bw NIA 507 msnce bw NIA 507mglkgbw 

S e h l l W l l  AWQC chrontc 
%$mg/kgbw LDSOmt,ord T a  and Applled Pharm. 20 89,1971 0 5 Id50 tobsal, 0 5 Wto noael 1900 0 5 ld50 to bel. 0 5 b e l  to mael 1900 0 5 ld50 to bad, 0.5 badbmcnl 1900 

Sodium - 4 7 2 0 w  NoAELstiddebCk OHM-TADS 1995 
u)50 mt, lntrapetitmal and Bowt-Nii, 1948 0 5 ld50 to bad, 0 5 bael to m l  1000 0 5 ldS0 to b e l ,  0 5 load to meal lo00 0 5 Id50 to bel, 0.5 b a l t o n o d  lo00 4 m w  

Tln m data 

Vanadlum 23mgikgbw LOAELrat Zaporomks et all989 0 5 loeel to mael 11 5 0 5 loael to noael 11 5 OSloadtonosel 11.5 

zlnc 1lOUglL AWQCchronic 
120 ppn ER-L sediment Long and Morgan 1992 
75mgl)cgbw NoAELml Sutton and Nebon 1937, LIAS et d 195 NIA  75 rnglkg bw NIA 75 rnglkg bw NIA 75mglkgbw 

DOE-GJPO RemedielIr;vestigadons September 9996 
RUFS Work Plan D M  FINAL Page 4-216 



Table 4.5-37. Derivation of LOAEL and NOAEL Values for OU III COPCs and Receptors (continued) 

Contaminant Bonchnuuk Type Reference Uncertainty Factors Usad Benchmark for Uncertalnty Factors Used Uncertality Fadon Used Benchmark Benchmark for 
for SW WlUow Flycatcher SW Wlllow Flycatcher for Pmrmgrino Falcon Peregrlno Falcon for Fish for Fish 

Alumlnum 87ugn AWQC chronr NIA 87 uen 

AWQC chrontc NIA 190 ugn 
ERk sediment Long and Morgan 1992 NIA =PPm=d 

Arsenlc 190 usn 
33 m 
225mg/kgbw LOAELmt schroeder e! all968 

2500 mgnCg saU Soil-55-75% sunmi IbrMod louse ICF K a b  1989 0 5 dm. 0 5 k to W, 0 5 bad to noad 312 5 0 5 class, 0 5 k to bel. 0 5 loael to noad 312 5 

3wmglkgbw LOAELmallard WhltworVl et all991 0 5 b e l  to noael 150 mgnCe bw 0 5 b e l  to noael 150 mgkg bw 

caban 6171 w b w  W r a t  J Am CaI Tox 1:686,1992 5dass.05ld50tokael.O 5loaeltonoa 771 375 5 class, 0 5 Id50 tobad, 0 5  bad t o m e  771 375 

AWQC chrontc NIA 1muen 
ER-L sedhnent Long and Morgan 1992 NIA 390 pprn sed 

capper uen 
228mencgbw NoAELchicken 0- et all993 NIA  228mg/kgbw NIA 228mgllcgbw 
390 ppn 

36mg/kgbw LOAELnd Suttte and Mllk 1966 

333fn#lgbw -rat 
2400 ppm wter NIA OHM-TAOS 1995 Molywenurn 24OOppn NOAEL b t q l u  (water) 

OHM-TACK3 1995 .s dss. 0 5 Id50 to bael, 0 5 loael to m 41 625 1 class. 0 1 MOto bad. 0 1 kael to m 41 625 frgkgbw 

Nitrate 507 mgncg bw NOAEL gufnae pg Sklght 8 Atallah 1968 OSdass 253 5 0 5 class 253 5 

Seknlum 5ugfl AWQC Cmomc NIA 5w- 

Sodium ,472Omgn NOAEL atticldeback OHM-TADS 1995 NIA 4720 mgflmter 

7600mgnCgbw u35orat,otal Tox and Applled Pharm 20 89,1971 .5clsss, 0 5 Id50 to - 0  5 load t o m  950 5 class, 0 5 ld50 to bad. 0 5 bad toMae 950 

500 4 m b w  Loso rat, bltlaperitwreal 0wet and Bove(hlti, 1948 5 dass, 0 5 Id50 to b e l ,  0 5 loael to noea 500 5 class, 0 5 Id50 to bel. 0 5 bael to noea 

Vanadlum 23rn-M LOAELmt Zaporwska et a1 1989 5 75 0 5 dass, 0 5 b e l  tonoad 5 75 0 5 class, 0 5 bad to noad 

110 U$fL AWQC chrontc NIA 110 UgLwtet 
120 pFnl ER-L sediment L a y  ad Morgan 1992 NIA 
75msllkgbw NoAELnd Sutton a d  Nelson 1937, Leu& et all95 05dass 37 5 0 5 c t a u  37.5 mgkg bw 

12OPpmWd 
Zinc 

DOE-GJPO Remedial lmerrigetions saptembw 1896 
RllFS Work Plan DRAFT FINAL Pew 4-216 



Table 4.64. Comparison of Benchmarks - Upper Flow Ground-Water System' 

I I 1 Regulatory Beocbmarlrr 1 

DOE-GJPO Remedial Investigations 8apt.lnb.r 1996 
RIFS Work Plan DRAFT FINAL Poga 4-217 



Table 4.65. Camparison cf Benchmarh - Montezuma Creek and Seeps 

Remedid' lmrestigetions 8.ptmmb.r 1996 
Pago 4-218 DOE-GJPO 

DRAFT FINAL RVFS Work Plan 



Table 4.6-9. Swnmary of Data Quality Objectives for the Upper Ground- Water Flow System 
Investigation - H m n  Health Risk Assessment 

Sampling and 
AnaIytkal Techniques Objective Data’ Input Data s0um:es Data Action Level 

Existing ground-water monitoring 
data for onsite wells completed in 
the upper flow-system 

The background comparison i s  
discussed in Appendix E. 

Preliminary human health 
#benchmark concentrations in 
Tables 4.6-2 and 4.6-3 as an 
initial screening assessment 
point. 

Existing on-site and 
background ground-water 
analrical data arc presented in 
Appendix E. 

New onsite ground-water 
sampling methods. analytes. 
and detection limits arc 
presented in Sections 4.6.4.3 
and 4.6.4.4. 

Spatial: The upper flow system 
underlying the approximate area 
east of Highway 191, across h e  
MMTS and proceeding east to 
when the canyon namwa. 

Modeling d t a  should amin target 
guidelines for the basease  wtting. 

Target Range: 
Lower measured I 3 3 3  
Upper measured 3.33 

Exposure factor combiitiona will span no 
more &all a factor of 10. 

Assess whether cumnt  
and hturc conditiom 
associated with the 

flow-system present 
unacceptable risk for 
potential human 

upper ground-water 

ECCptOM. 

Arc chemical COnCenlratiOM 
in onsite ground water 
greater lhan background 
concentrations? Future land me. water 

mpply requirements, 
and planned water 

determination for 
ground-water regions 
affected by the upper 
now system. 

~ u m r e  upper now 

supply access 

system ground-water 
concentration versus 
time profiles for COCs 
following remediation 
ofOU 1. 

New p a d - w a t e r  monitoring &la 
for onsite wells completed in the 
upper flow system. 

New and existing background 
ground-water data for upgradient 
wellr completed in the upper flow 
system. 

City of Monticello and San Juan 
County planning and zoning 
aurhorities, water control boards 
ad1  municipal planners. 

ResuUIU of ground-water flow and 
solute transpoa modeling using 
existing a d  new ground-water 
monitoring data. Modeling results 
and uncensinties will genemlly 
accommodate industry standardr 
a5 discussed in IAEA, 1989. 
Target accuracy in accordance 
with Table 4.7-7 approach. 

Is future potential 
carcinogenic risk within an 
acceptable risk range? 

Is future potential 
noncarcinogenic risk within 
M acceptable range? 

Temporal: 50 yean from the time 
OU 1 is rcmediated. 

The BRA will provide a 
multimedia integrated 
assessment of risk including 
evaluation of the magnitude of 
uncertainties ns the definitive 
finding of risk according to h e  
NCP (Section 300.430) (EPA, 
1990). 

Site-specific rtgulatory ARARs 
a8 detennizd under the NCP 
(Section 300.400 [numeroui 
sectionsl) (EPA, 1990). 

Dose limita established under 
DOE Order 5400.5 of 
100 m d y e a r  (DOE. 1989). 

Assess whether cumnt  
and future conditions 
associated with the 
u p p a  ground-water flow 
system prrrerd 
regula~ory impacts. 

Radionuclide a d  inorganic naltr 
segregated owing to different CSF 
decivationa (Radionuclides are d m u m  
likelihood cstimaces, inorgames arc upper 
bound e h c e s ) .  

Uncerrainlia (0 be fuUy explained. Major 
mrca 10 be assessed quantitatively wivirh 
MonteCIlrlo analysis. 

Benchmark calculations arc 
explained in Section 4.6.3.1. 

Arc future potential 
radiological effective does 
equivalents within acceptable 
ranges? 

Do future estimated COC 
concentrations exceed 
che&eal specific ARARs? 

Ground-water modeling is 
discussed in Section 4.7. 

Anslytical resub assessed by QApjP 
protocole. 

Data usability d by Data UsabiTiy in 
Risk Aswarncot @PA, 199Ob). 

A R J 4 R S  
BRA 
coc 
CSF 
DOE 
EPA 
LAEA 
MMTS 
NCP 
ou 
QUAPSP 
RME 

Applicable or relevant and appropriate requirements 
Baseline risk assessment 
Clremical of concern 
Cancer slope factor 
Department of Energy 
Environamcntal Rotection Agmcy 
h terna t iod  Atomic Eavey Agemy 
Monticcllo Mill Site Tailings 
National Codngcncy Plan 
Operable unit 
Quality Assurance projm PI- 
Reasonable maxhum eltposurr 

8.ptelnbr 1996 
Page 4-21s 

DOE-CUP0 Remedial Inv*stigadons 
RIPS Work Plan DRAFT FINAL 



Table 4.610. Summary of Data Quality Qbjectives for the Surface Water Investigation - Human Health Risk Assessment 

ARAR 
BRA 
coc 
DOE 
EPA 
U E  
NCP 
ou 

Fumm M o n r e z u ~  
c a t  conselantion 
verrua tima proflea for 
COCn 6onoaring 
remdirtioa of OU 1. 

New aufb water data for M o a k ~ ~ m a  
C d .  

City of Modcello 0d San Juan C O U ~  
phnniag d d o g  nuthoritiu, water 
con(ro1 bod8  d mnicipd pknncn. 

The background compnciron ia 
d i r c d  in Appeodirc E. 

?heBRAWillpmvido~ 
multimedL intcptcdmDptrrmclll 
of riat including evaluatim of 
the magnitude of unccltrillliu an 
the definitive fiading of r i t  
occording to the NCP 
(section 300.430) WAS 1990). 

Site-rpccific regohtory ARARa 
aa ddcnnined uader dm NCP 
(section 300.430) WAS 1990). 

Dose limirp eatabliehed under 
DOE Order 5400.5 of 
lo0 d y u u  @oE, 1989). 

New onrite d brclrgmrad 

and dettcrion limit0 0m 
p r r r e d  in seerionr 4.6.43 
and 4.6.4.4. 

Mill$M d o d o ,  Mdyk8 ,  

sopmmbsr 1996 
Page 4-220 Remadial hivestigationr 

DOE-GJPO DRAFT FINAL 
RVFS Work Plan 



Table 4.6-1 I .  S-ry of Data Quality Objectiws jbr the Sediment Investigation - Hwnan Health Risk Assessment 

ARAR 
BRA 
coc 
DOE 
EPA 
IAM: 
NCP 
ou 

scdimtru ..rlficd &I.. 

Future Land uld, water 
W I Y  ruiu- 
phnacd watu supply 

rxi* redinunt datr for 
MoatmmM Creek. 

and New rcdimca data for 
Moatmm~Cmck. 

City of Mo&ello and Spn Jupn 
Caunty planning and zoning 
authoritico, water c d  
boudr, d municipal plnacro. 

neeem dctemrinalion for 
M- Creek. 

The BRA will provide a 
m d t i d i  integrated aueasmcnt 
of rink including cvaluarion of 
the magnitude of OlvcirPirUier 80 

according to dm NCP 
thc dcfillilivo fidi of r i t  

(seaioo 300.430) (EPA. 1990). 

Dose Limiu urabliied uader 
DOE Order 5400.5 of 
100 m d y u r  (DOE. 1989). 

Bcachmarir dculatioor om 
prrcnllcd in Section 4.63.1. 

- 
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Tdle  4.6-12. Swnmary of Data Quality Objectives for the Soil Investigation - Human Health Risk Assessment 

Aorcrs wbcfhcr curnot end 
fillure condiions anaocirued 
wih h o  roil of Mor#carma 
Canyon prrrtnt unacceptable 
r i s k  for human mcpcon. 

Are chemical concentmtiom in 
oanitc soil greater chan 
background concentrational 

b h m  potential carcinogenic 
rink within M occeptable range? 

t h r e  potential 
noncarcinogenic ride within an 
acceptable nngc? 

Are fttum pOrCnti.1 radiological 
effective d m  quiwlenta 
within amptable ranges? 

ARAR 
BRA 
c(pc 
DOE 
EPA 
UEC 
NCP 
ou 

Soil u1111ytical data. 

Future land uw in 
Monteruma Conyon. 

Existing soil data for 
M o a r t a u ~  Canyon. 

New mil data f a  Montuuma 
Canyon. 

New background data from 
VcrdufC CMpf& 

C i  of Modcello and San Jum 
C ~ m y  planning .ad d n g  
authoritico, wotcr conrml bonds 
and municipd p h n c n .  

The background compa6ran is 
discussed m Appendix E. 

pI’dimiMr)l human health 
benchmark COnCentmtiOM in 
Tables 4.6-2 and 4.6-3 os on 
initial ocrrening anncnamcnt 
point. 

The BRA will provide o 
multimedii inkgraccd arrunmcnt 
of riik including evaluation of 
the mgnimde of uncertainlien as 
the definitive finding of risk 
occording to the NCP 
(Section 300.430) (EPA. 1%). 

Dor limit0 citabliled under I 

DOE Order 5400.5 of 
loo mrrdycar @OK 1989). 

Exi lng  focused Btudy orea soil 
data ore prewnlui m 
Appendiix E. 

Spatial: OM>? refen to 
Moillunma Canyon os ohown 
on Figure I .O-3. 

New o d t c  ond background 
rampling methods, anal~~co, 
ond detection lk6U arc 
p r e d  in Seaiom 4.6.43 
ond 4.6.4.4. 

Background mfen to Verdw 
Canyon 01 &own on 
F ~ U K  4.55. 

BcmIunark calculationr ore 
clrplaincd in Section 4.63.k. 

Exposure Gutor combiitiono 
will rprrn no more than a fsctor 
of 10. 

Radionuclide and inorganic r i b  
acgmgated owing to different 
CSP derivations f J W i i c 0  

arc maximum likelihood 
cdmatcs, i a o g o i o  uc upper 
bound eEabMtC0). 

Uncertaintic0 to be fully 
e x p S i A  Major wwcw to bo 

Monto-Codo u~nalyBo. 
a n d  qdta t ive ly  WiIh 

* 
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Table 4.6-13. Summary of Data Qualiry Objectives for the Biota Investigation - Human Health Risk Assessmen! 

~ O C U  whether eumot or 
future conditionr nruociared 
WiIh carrls that p ia 
~ontmunr Canyon present 
umcscptabk rink fot potenlid 

Ace chemical ti- 
c o t ~ e n t n t i ~ ~  in omite cante 
lhatgrszeiaMoatcpune 
Canyon p t e r  thmn 
background concentrations? 

humMrrceptar. 
Is faam patelltin1 calc-mgenic 

-7 

In Futum potential 

acceptable range? 

rink within an acceptable risk 

nonsnlcinogmic rink wihia M 

Calf tirouo (muocls and 
liver) analytical data. 

Future ag~icultural land 
uoe in Montczumr 
Canyon. 

New calf t i w e  &la from 
calves grazed in Montuurrm 
Canyon for one Bcamn. 

New calf tissue &to from 
a l v e o  grazed in Verdure 
Canyon for om -ma. 

Aro tuture radiologicol effcccivo 
do- quivalenta within 
acceptable ranger? 

ARAR 
BRA 
coc 
DOE 
EPA 
IAU: 
NCP 
ou 

City of Modcello and Sin Juan 
County planning and zoning 
auhoriticn, water corrtrol 
boards, ond municipal plannn. 

The BRA will provide n 
mulcimedi integrated ilmeumcnt 
of risk including evaluation of 
the magnitude of unccttainrien ar 
h e  definitive finding of rink 
according ta h e  NCP 
(Section 300.430) (EPA, 1990). 

Dooe limitn cmblirhed under 
DOE Order 5400.5 of 
100 mrcdyur (DOE, 1989). 

- 
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Table 4.8-2. Analytes, Analytical Methods, and Method Detection Limits for Ground-Water 
Samples and Sulfate- Water Samples, OU III Annual Monitoring .Tak. 

Analvtical Parameter 

Metals' 
Aluminum 
Arsenic 
Cobalt 
Copper 
Manganese 
Molybdenum 
Selenium 
Tin 
Uranium 
Vanadium 
Zinc 

Total Dissolved Solids 
(filterable residue) 

Major Anions 

Chloride 
Sulfate 
Fluoride 
Nitrate (NO,+ NO, as N) 
Nitrite 

Major Cations 

Ammonia 
Calcium 
Magnesium 
Potassium 
Sodium 

Radionuclides 

Lead-2 1 0 
~Polon~um-2 10 
Radium-226 
Radon-222 
Thorium-230 
Uranium-234, Uranium-235, 
and Uranium-238 
Gross Alpha Activity 
Gross Beta Activity 

Method 
Detection Limit 

( Y g M  
50 
5 .O 

10.0 
5 .O 
5.0 

5 .O 
5.0 

10.0 
4.0 

50 

N A ~  

10,000 

200 
200 
200 
200 
200 

20 
100 
100 
700 
600 

(pCilL) 

2.0 
0.5 
0.5 

1 .o 
1 .o 

60 

1 .o 
1 .o 

Analytical Method 

CLP Method 200.7 

CLP Method 200.7 
CLP Method 200.7 
CLP Method 200.7 
CLP Method 200.7 

EPA SW-846 6020 

EPA SW-846 6020 
EPA SW-846 6220 
Not Applicable 
CLP Method 200.7 
CLP Method 200.7 

EPA Method 160.1 

1EPA Method 300 

EPA Method 350.1 
CLP Method 200.7 

Geotech Method RC-6 
Geotech Method RC-2 
Geotech Method RC-5 
Geotech Method RC-17 
1EPA SW-846 6020' 
EPA SW-846 6020' 

Geotech Method RC-3 
Geotech Method RC-3 

Total and dissolved metals fractions for surface water samples; total metals fraction for 

Uranium isotopes will lbe measured rather than total uranium, which is approximately 99.3% 

Method 6020 as modified by GJPO Analytical Laboratory for analysis of these radionuclides. 

pound-water samples. 

U-238. 
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T d l e  4.8-2. Analytes, Analytical Methods, and Method Detection Limits for G r o d -  Water 
Smples and Surjke- Water Samples, 0 U III Annual Monitoring Tmk. (continued) 

Analytical Parameter 

Volatile Organic Compounds 
(Target Compound List) 

Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-Butanone 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
Chloroform 
Chloromethane 
1,l -Dichloroethane 
1,2-DichIoroethane 
1,l -Dichloroethene 
trans- 1,2-DichIoroethene 

1.2-Dichloropropane 
cis- 1,3-DichIoropropene 
trans-l,3-Dichloropropene 

Ethyl benzene 
2-Hexanone 
Methylene chloride 
4-Methyl-2-pentanone 
Styrene 
lI1,2,2-Tetrachloroethane 

Tetrachloroethene 
Toluene 
1 ,l , 1 -Trichloroethane 
1,ll.Z-Trichloroethane 
Trichloroethene 
Vinyl acetate 
Vinyl chloride 
Xylene 

Method 
Detection Limit 

2 
1 
1 
1 
2 
2 
1 
1 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
a 
1 
2 
2 
1 

Analytical Method 

EPA Method 8260 

, 
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Table 4.8-2. Andytes, Analyrical Methods, and Method Detection Limits for Ground-Water 
Samples and Surjiue-Water Samples, OU I l l  Annual Monitoring Task (Conn'nued) 

Analytical Parameters 

Semi-Volatile Organic 
Compounds (Target Compound 
IList) 

Acenaphthene 
Acenaphthylene 
Anthracene 
Behzo(a1anthracene 
Benzo(b)f luoranthene 
Benzo(k)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(a1pyrene 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethy1)ether 
2,2'-0xybis (1 -chloropropane) 
Bis(2-ethylhexyUphthaIate 
4-Bromophenyl phenylether 
Butyl benzyl phthalate 
Carbozole 
4-Chloroaniline 
2-Chloronaphthalene 
4-Chloro-3-methyl phenol 
2-C hlorophenol 
4-Chlorophenyl phenyl ether 
Chrysene 
Di benz(a, hlanthracene 
Dibenzofuran 
Di-n-butylphthalate 
1.2-Dichlorobenzene 
1 ,3-Dichlorobenzene 
1.4-Dic hl or0 benzene 
3,3'-Dichlorobenzidine 
2.4-Dichlorophenol 
Diethylphthalate 
2,4-Dimethylphenol 
Dimethylphthalate 
4,6-Dinitro-2-methylphenol 
2.4-Dinitrophenol 
2.4-Dinitrotoluene 
2.6-Dinitrotoluene 
Di-n-octylphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexac hlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 

Method Detection 
Limit 

OrglU 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10  
10 
10 
10 
10 
20  
10  
10 
10 
10 
50 
50 
10 
10 
10 
10 
10  
10  
10 
10  
10 
10 

Analytical Method 

€PA Methodl 8270 
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TabIe 4.8-2. Analytes, Analytical Methodr, artd Method Detection Limits for Ground- Waer 
Samples and Surjbce-Water Samples, OU 111 Annual Monitoring Tmk. (Continued) 

N-Nitrosodiphenylamine 
Pentachlorophenol 

1 Phenanthrene 
' Phenol 
I Pyrene 
1,2,4-TrichIorobenzene 
2,4,5-TrichlorophenoI 
2,4,6-Tric hlorophenol 

I 

lsophorone 
2-Methylnaphthalene 
2-Methylphenol 
4-Methylphenol 
Naphthalene 
2-Nitroaniline 
3-Nitroaniline 
4-Nitroaniline 
Nitrobenzene 
2-Nitrophenol 
&Nitrophenol 
N-Nitrosodi-ndipropylamine 

I PesticideslPCBs 

Aldrin 
Alpha-BHC 
Beta-BHC 
Delta-BHC 
Gamma-BHC (lindane) 
Alpha-Chlordane 
Gamma-Chlordane 
4,4'-DDD 
4.4'-DDE 
4,4'-DDT 
Dieldrin 
Endosulfan I 
Endosulfan I l l  
Endosulfan Sulfate 
Endrin 
Endrin Ketone 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 

Method Detection 
Limit 

(c(glL) 

10 
10 
10 
10 
10 
50 
50 
50 
10 
10 
50 
10 
10 
50 
10 
10  
10 
10 
50 
10 

Analytical Method 

EPA IMethod 8270 

EPA Methodl 8080 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.10 
0.10 
0.10 
0.10 
0.05 
0.10 
0.10 
0.10 
0.10 
0.05 
0.05 
0.05 
1 .o 
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Table 4.8-2. Adytes ,  Analytical Method& and Method DeteCrion Limits for Ground- Waer 
Samples and Sufue-Water Samples, OU I l l  Annual Monitoring Tmk. (Com'nued) 

~~ 

Analytical Parameter 
Method Detection 

Limit 

PesticidePCBs (continued) 

Aroclor 101 6 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

Herbicides 

2,4-D 
2,4-DB 
2,4,5-T 
2,4,5-TP (Silvex) 
Dalapon 
Dichloroprop 

0.5 
0.5 
0.5 
0.5 
0.5 
1 .o 
1 .o 

1.2 
0.91 
0.20 
0.1 7 
5.8 

0.65 

Analytical Method 

EPA Method 8080 

EPA Method 81 50  
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QSlkclaaCnrMunbrr:IRN-I 
Flgure 4.5-15. Proposed Sample Transect Locations. OU In €UFS Study Area 
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G I S k m m r  Munbcr: lRN-2 

Figure 4.5-16. h p s e d  Sample Transect Locafions. OU 111 RlLFS Study Area 
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61sDosmarrNkmbrr:IRN-3 
4.5-17 . Proposed Sample Trcinect Locutions. OW IR RILFS Study Area 
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FiW'e 45-20. Pmwsed Sample Transect Locations. OU 111 R l F S  Study Area 
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GSDoCllmm CJLmbCr: IRN-7 
Figure 4.5-21. Proposed Sample Trmsect Locationr. OU I l l  R I F S  Study Area 
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5.0 Feasibility Study 

The primary objective of the FS will be to ensure that appropriate remedial alternatives are 
developed and evaluated so that relevant information concerning the remedial action options 
can be presented to the decision makers and an appropriate remedy can be selected. As shown 
in Section 7.0, Schedule, the FS will be performed concurrently and in an iterative fashion 
with the RI and will be conducted in accordance with the Guidancefor Conducting Remedial 
Investigations and Feasibility Studies wlcfer CERCZ.4 (EPA 1988). Results of the RI will be 
used to refine remedial action objectives, to develop remedial action alternatives, and to 
support initial screening and detailed analysis of the alternatives. FS information presented in 
the WFS-EA (DOE 199Ob) will be considered during implementation of the OU III FS. 

The FS portion of the RVFS will involve up to four tasks: 

Task 10: Development of Alternatives 
Task 11 : Initial Screening of Alternatives 
Task 12: Detailed Analysis of Alternatives 
Task 13: Feasibility Study Report 

e 

e 

0 

5.1 Task IO: Development of Alternatives 

Task 9 of the RVFS involves the development of remedial alternatives. Remedial alternatives 
will be developed by assembling combinations of potential technologies,. and the media to 
which they would be applied, into alternatives that address MMTSderived contamination in 
surface water, ground water, sediments, and soil. It is anticipated that only a limited number 
of remedial technologies, and therefore alternatives, will be identified for OU III 
contamination, including presumptive technologies that could be expeditiously emplaced. 
Presumptive alternatives addressing contaminated sediment will1 primarily be limited to the 
remedies selected for OUs I and II. These remedies involve excavation of contaminated 
material. However, the presumptive alternatives will be expanded to include utilization of hot 
spot cleanup criteria and environmentally sensitive remediation. Presumptive alternatives to be 
considered for contamination in surface water and ground1 water will largely involve passive 
remediation and containmentltreatment. 

The following activities will be performed to support Task 10: 

Evaluation of ARARs 

0 Development of remedial action objectives and general response actions 

0 Identification of potentially applicable remedial technologies 

D OE-G J PO Feasibility Study September 1995 
RlFS Work Plan DRAFT IFINAL Page 5-1 



0 Screening of potentially applicable remedial technologies 

a Development of preliminary remedial alternative 

A preliminary list of ARARS for OU IU and is presented in Appendix C; these have been 
developed based the ARARS identified in the ROD for OUs I and IC. These ARARs will be 
reevaluated and revised, if necessary, during completion of the RI and FS. This evaluation 
will include assessing the remedial Contaminants of Concern (COC), the affected media, and 
any physical features that may help identify location-specific M s .  The evaluation will 
address each of the three types of ARARs: chemical Specific, action specific, and location 
specific. 

Chemical-specific ARARs are generally health- or risk-based numerical values or 
methodologies that, when applied to site-specific conditions, result in the establishment of 
numerical values for a particular site. These values establish the acceptable level or 
concentration of a chemical that may be present in, or discharged to, the ambient environment. 

Action-specific M s  are generally technology- or activity-based requirements or limitations 
on actions taken with respect to hazardous substances. These requirements are triggered by the 
particular remedial activities selected to accomplish a remedy. Thus, action-specific 
requirements do not, in themselves, determine the remedial alternative; rather, they indicate 
how a selected altemative must be achieved. 

Location-specific ARARs are restrictions placed on the conduct of remedial activities or the 
concentration of hazardous substances solely because they are occumng in a particular place. 

Section 121(d)(4) of CERCLA provides EPA with the flexibility to select a remedial action 
that is protective of human health and the environment but that does not attain an ARAR in 
certain narrowly defined instances. Under both CERCLA and the NCP, compliance with 
ARARs can be waived under the following circumstances: 

0 The remedial action is an interim measure where the final remedy will attain the ARARs 
upon completion. 

e Compliance with ARARs will result in greater risk to human health and the environment 
than alternative options. 

0 Compliance is technically impracticable. 

The remedial action selected will attain a standard of performance equivalent to that 
required under the otherwise applicable or relevant and appropriate requirement. 

September 1995 IFeasibility Study DOE-GJPO 
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8 The State has not consistently applied, or demonstrated the intent to apply consistently, 
the State requirement in similar circumstances at other remedial actions in the State. 

5.14 WemeM Action Objectives and General Response Actions 

Remedial action objectives (RAQs) speclfylng contaminants and media of concern, potential 
exposure pathways, and preliminary remediation goals wil l  be developed. Preliminary RAOs 
and general response actions have been developed. The RAOs will be refined using results of 
the baseline risk assessment as appropriate. Final remediation goals will be developed on the 
basis of ARARs, site-specific risk-related factors developed during the baseline risk 
assessment, and identification of any appropriate remedial alternatives. The list of preliminary 
RAOs that have been developed includes: 

* Prevent or reduce human exposure to carcinogens to levels of less than 1 x 104 excess 
cancer risk and exposure to noncarcinogens to levels with a hazard index less than 1.0. 

e Prevent or reduce unacceptable ecological risks. 

e Prevent or reduce the release of contaminants that would exceed ARARs. 
t 

As previously discussed, the number of potential general response actions will likely be 
limited. Those general response actions identified will define the containment, treatment, 
excavation, pumping, or other actions that may be taken to satisfy the W O s  for OU III. A 
combination or combinations of the general response actions may be pursued. The current list 
of presumptive response actions for OU III ground water and surface water includes: 

e No Action Alternative (passive restoration with continued monitoring of ground water and1 
surface water for a period of time established on the basis of numerical modeling results). 

* Ground-water withdrawal and on-site treatment (including innovative treatment 
technologies, if applicable). 

Institutional controls (same as the No Action Alternative except it includes institutional 
control measures in addition to monitoring). 

0 In situ fixation (innovative technology option that involves fixation of the COCs to the 
aquifer media). 

The current list of presumptive response actions that have been developed for sediment in the 
focused study area includes: 

e No Action Alternative (only includes monitoring). 
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0 Institutional controls (the same as the No Action Altemative except it includes institutional 
control measures). 

e Excavation of contaminated sediments. 

As specified in the NCP, the No Action Alternative will be carried through the final 
alternatives analysis to .serve as a .baseline for evaluating other alternatives. 

5.1.3 Potentially Applicable Remedial Technologies 

A list of potentially applicable remedial technologies will be developed on the basis of FU 
results, preliminary RAOs, and the preliminary general response actions. Innovative or 
alternative treatment technologies will be included whenever possible and evaluated equally 
with demonstrated technologies. An innovative technology will be considered if the 
technology offers (1) the potential for comparable or superior performance or 
implementability, (2) fewer or less adverse impacts than other available approaches, or 
(3) lower costs for levels of performance similar to that of demonstrated 
treatment technologies. 

Initially, each technology will be evaluated for appropriateness under site-specific conditions. 
Technologies found appropriate under site-specific conditions will be used to assemble 
remedial action alternatives to address MMTS concerns, if any. Remedial technologies to be 
considered include (1) technologies that use treatment technologies to reduce the toxicity, 
mobility, or volume of contaminants, (2) technologies designed to prevent or control exposure 
to contaminants through engineering controls and institutional controls, (3) technologies that 
attain site-specific remediation levels within different restoration time periods, and (4) No 
Action Alternatives, given millsite remediation is being conducted under OU I. 

5.1.4 Screening of Potentially Applicable Remedial Technologies 

After potential remedial technologies are identified, each technology will initially be screened 
to determine how effective it is with respect to the protection of human health and the 
environment. This initial screening will1 focus on the degree to which the technology 
(1) reduces toxicity, mobility, or volume through treatment, (2) minimizes residual risks and 
affords long-term protection, (3) complies with ARARs, and (4) minimizes short-term 
impacts. The initial screening step also will include assessment of how quickly each 
technology will achieve protection. Technologies that do not provide adequate protection of 
human health and the environment will be eliminated from further consideration. 

5.1.5 Development of h P i n a r y  Remedial Alternatives 

The technology processes judged to be technically implementable will be evaluated further to 
select ~mcess options that represent each technology type. The relevant process options will 
be asa:mbled into potential remedial alternatives. 
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Treatment is not considered a potential alternative for contamhatedl sediment in the focused 
study area. If remediation of sediment is necessary, sediment will be remediated in a manner 
consistent with the preferred alternative selected for OUs I and II. The preferred alternative 
selected for OUs I and II involves removal and placement of contaminated material in the 
permanent on-site repository. Treatment will be considered for remediation of contaminated 
media if RI results indicate that, after remediation under OUs I and 11 is complete, ARARs are 
exceeded or contaminated media pose an unacceptable risk to human lhealth or the 
environment. Alternatives for surface water and ground water will be developed that consider: 

0 Treatment options that would reduce toxicity, mobility, or volume of hazardous 
substances, pollutants, or contaminants as their principal element. 

A treatment option that removes or destroys hazardous substances, pollutants, or 
contaminants to the maximum extent feasible, eliminating or minimizing the need for 
long-term management (including monitoring) at the site. 

0 

0 Treatment alternatives that, at a minimum, treat the principal threats posed by the site but 
vary in the degree of treatment employed and the quantities and characteristics of the 
treatment residuals and untreated waste that must be managed. 

0 Limited number of remedial alternatives for ground water that attain site-specific 
remediation levels within different restoration time periods using one or more 
different technologies. 

0 One or more innovative treatment technologies if these technologies offer the potential for 
comparable or superior performance or implementability, fewer or less adverse impacts 
than other available approaches, or lower costs for levels of performance similar to that of 
demonstrated treatment technologies. 

0 One or more containment options Ithat involve little or no treatment but provide protection 
of human health and the environment, primarily by preventing or controlling exposure to 
hazardous substances, pollutants, or contaminants. 

0 The No Action Alternative. 

In addition, the NCP states that the alternatives should, as appropriate, consider and integrate 
waste minimization, destruction, and recycling. 

The intended purpose of this initial examination is not only to ensure that all regulatory 
requirements have been met, but also to ensure that potential alternatives are sufficiently 
diverse to allow for a range of potential benefits and associated costs to be examined 
during the FS. 

5.2 Task PI: Initisan S c ~ ~ n i n g  of Alternatives 

The assembled alternatives developed during Task 9 will be refined and screened in 
coordination with the EPA and State to reduce the number of alternatives to be evaluated in 
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detail during Task 10. The criteria to be used in screening are (1) effectiveness in contributing 
to the protection of human health and the environment, (2) implementability, and (3) cost of 
alternative implementation. Because the FS will be conducted using a focused approach, 
this task will be greatly simplified and may result in no change to the number of 
altematives identified. 

5.2.1 Effectiveness Evaluation 

Each alternative will be evaluated with respect to the degree to which the alternative reduces 
toxicity, mobility, or volume through treatment, minimizes residual risks and affords long- 
term protection, complies with ARARs, minimizes short-term impacts, and achieves protection 
of human health and the environment within current and future likely land use scenarios and 
within an acceptable period of time. Land use scenarios wiIl be evaluated in the BRA portion 
of the RI. Applicable land uses will then be used in this portion of the FS. The current land 
use in Montezuma Canyon is residential/agricultural in the upper portion and recreational/ 
agricultural in the lower portion. It is likely that these land uses will remain in the future. 

The potential effectiveness of each alternative in protecting human health and the environment 
will be qualitatively evaluated by comparing the reductions in potential exposure or risk 
associated with the alternative against the potential exposures or risks associated withtheNo 
Action Alternative as described in the baseline risk assessment. The baseline risk assessment 
routinely constitutes the basis for analysis of the No Action Alternative against which other 
alternatives are compared. 

Alternatives that provide similar protection of human lhealth and the enhnment  will be 
identified. Alternatives that may introduce significant adverse impacts or that do not 
adequately protect human health or the environment will be eliminated. However, only 
alternatives with a clear potential for causing adverse effects will be eliminated on the basis of 
the effectiveness criteria. 

53.2 hplementabiity Evaluation 

Implementability is a measure of both the technical and the administrative feasibility of 
constructing, operating, and1 maintaining a remedial action alternative. Each alternative will be 
screened to eliminate alternatives that cannot be implemented using acceptable engineering 
practices or are not compatible wilth site conditions. Each alternative will be evaluated to 
determine if the alternative is feasible with respect to location and condition of the site, is 
applicable to the problem, and is a reliable means of addressing the problem within a 
reasonable period of time. 

Examples of implementability considerations are whether the equipment required for a 
technology can physically be brought into the canyon or whether a technology can be 
implemented in time to deposit any excavated soils or sediments in the on-site repository. A 
preference will be given to technologies that can be implemented in time to deposit material in 
the on-site repository. 
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Preliminary estimates of capital costs and long-term Operation and maintenance (O&M) costs 
will be developed for each remedial altemative that passes the effectiveness and 
implementability screening. These cost estimates will be made primarily on the basis of 
published cost data prepared by EPA and its contractors, construction industry standards, and 
DOE'S experience with similar projects (including remediation under OUs I and II). Design 
and unit cost assumptions that significantly affect the total cost estimate of remedial 
alternatives will be identified. A present-worth analysis will be prepared to allow remedial 
alternatives with different levels of capital and O&M costs to be compared on an equal basis. 

Remedial alternatives will be compared on the basis of capital costs, OBipvl costs, and present 
worth. Comparison results will be used to identify the most cost-effective remedial 
alternative, alternatives offering similar benefits with similar estimated costs, and alternatives 
displaying the highest estimated costs for similar levels of benefit. Alternatives with the 
highest estimated costs for similar levels of benefit will be eliminated from further 
consideration. 

5.3 Task l.2: Detailed Analysis of Alternatives 

Detailed analysis of each remaining remedial action alternative will be performed following the 
initial screening of alternatives. Three steps will be used to conduct the detailed analysis of 
alternatives: 

8 Step 1-Further definition of each alternative, if appropriate, with respect to the volumes 
or areas of contaminated media to be addressed, the technologies to be used, and any 
performance requirements associated with those technologies. 

0 Step 2-An assessment and a summary of each altemative on the basis of relative 
performance with respect to the nine evaluation criteria specified in the NCP 
(see Section 5.3.2, Evaluation Criteria). 

8 Step 3-A comparative analysis among the alternatives to assess the relative performance 
of each with respect to each evaluation criterion. 

The end result of the detailed analysis of alternatives will be an assessment of the relative 
merits and costs associated with each alternative. This information will form the basis for a 
preferred alternative, which will be recommended in the final FS report. 

5.3.1 Alternatives Defanition 

Each alternative will be reviewed to assess whether additional definition is required to apply 
the evaluation criteria consistently and to develop order-of-magnitude cost estimates 
(Le., having a desired accuracy of +50 percent to -30 percent). This process will include 
identifying institutional controls that complement the individual remedial alternatives. 

DOE-GJPO Feasibility Study September 1995 
RllFS Work Plan DRAFT FINAL Page 5-7 



5.3.2 Evallaratiora Criteria 

The detailed analysis of alternatives provides the means by which facts are assembled and 
evalwted to develop the rationale for remedy selection. The evaluation process to be used for 
OU III was developed on the basis of statutory requirements of CERCLA Section 121 and the 
NCP. The nine evaluation criteria detailed below encompass statutory requirements and 
technical, cost, and institutional considerations. 

In consideration of DOE'S policy to comply with the National Environmental Policies Act 
(NEPA), the FS will incorporate, to the extent practicable, NEPA values into the nine 
CERCLA evaluation criteria (DOE 1994~). NEPA values include analysis of cumulative, off- 
site, ecological, and socioeconomic impacts. 

5.3.2.1 Threshold Criteria 

The NCP had established two threshold criteria that each alternative must meet at a minimum 
(1) overall protection of human health and the environment and (2) compliance with ARARs. 

OvemU Protection of Human Health and the Envhnment: Alternatives will be evaluated to 
assess whether they can adequately protect human health and the environment, in both the 
short term and long term, from unacceptable risks posed by hazardous substances, pollutants, 
or contaminants associated with the MMTS. Alternatives will be evaluated regarding their 
ability to eliminate, reduce, or control exposures to levels established during development of 
remediation goals consistent with 40 CFR Part 300.430(e)(2)(I). Overall protection of 
human health and the environment draws on the assessments of other evaluation criteria, 
especially long-term effectiveness and permanence, short-term effectiveness, and compliance 
with ARARs. 

The baseline risk assessment will identify exposure pathways and will discuss fate and 
transport of WS-derived contaminants. The evaluation of overall protectiveness of each 
alternative will focus on whether the alternative achieves adequate protection and will describe 
how the alternative serves to eliminate, reduce, or control risks posed through each pathway. 

Comphnee with ARARs: The alternatives will be evaluated to determine whether they attain 
ARARs under Federal and State environmental laws or provide the grounds for invoking one 
of the waivers under paragraph (f)(l)(ii)(C) of 40 CFR Part 300.430. Activities performed in 
support of the detailed analysis of alternatives will include summarizing which requirements 
are applicable or relevant and appropriate and describing how the alternative meets these 
requirements. 

53.2.2 Balancing Criteria 

The five criteria upon which the alternatives are compared and contrasted are (1) long-term 
effectiveness and permanence, (2) reduction of toxicity, volume, or mobility through 
treatment, (3) short-term effectiveness, (4) implementability , and (5) cost. 
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Long-Term icffectiveness and Permanence: Alternatives will be assessed for the long-term 
effectiveness and permanence they afford, along with the degree of certainty that the 
alternative will prove successful. Factors that will be considered, as appropriate, include: 

a The magnitude of residuals remaining from untreated waste or treatment residuals 
remaining at the conclusion of the remedial activities. The characteristics of the residuals 
will be considered to the degree that they remain hazardous, taking into account their 
volume, toxicity, mobility, and propensity to bioaccumulate. 

The adequacy and reliability of controls, if any, that are used to manage treatment 
residuals and untreated wastes that remain at the site. This factor includes assessment of 
the potential need to replace components of the alternative, such as a pump and trdt 
system, and the potential exposure pathways and risks posed if the remedial action 
needs replacement. 

Reduction of Toxicity, Mobility, or Volume libmugh'Trea&nent: The degree to which 
alternatives employ recycling or treatment technologies that permanently and significantly 
reduce toxicity, mobility, or volume of the hazardous substances as their principal element will 
be assessed. This assessment will include how treatment is used to address the principal 
threats posed by the site through destruction of toxic contaminants, reduction of the total mass 
of toxic contaminants, irreversible reduction in contaminant mobility, or reduction of total 
volume of contaminated media. 

This assessment will focus on the following specific factors for a particular 
remedial1 alternative: 

e The treatment or recycling processes that the alternative will employ and the media the 
treatment process will treat. 

0 The amount of lhazardous substances, pollutants, or contaminants that will lbe destroyed, 
treated, or recycled. 

e The expected degree of reduction in toxicity, mobililty, or volume of the waste due to 
treatment or recycling, measured as a percentage or order of magnitude. 

0 The degree to which treatment is irreversible. 

0 The degree to which treatment reduces the inherent hazards posed by principal threats at 
the site. 

Shott-Tern Effectiveness: Short-term effectiveness addresses the effects of the remedial 
alternative during the construction and implementation phases. Alternatives will be evaluated 
with respect to their effects on human health and the environment during implementation of the 
remedial action. The short-term impact of alternatives will be assessed by considering the 
following: 
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Short-term risks that might be posed to the community during implementation of 
the alternative. 

Potential impacts on workers during remedial action and the effectiveness and reliability. 
of protective measures. 

Potential environmental impacts of the remedial action and the effectiveness and reliability 
of mitigative measures during implementation. 

Time until protection is achieved. 

ImpZementabiZity: Implementability is a measure'of both the technical and administrative 
feasibility of constructing, operating, and maintaining a remedial alternative given site 
conditions. The ease or difficulty of implementing the alternative will be assessed by 
considering the following types of factors, as appropriate: 

8 

e 

e 

Technical feasibility, including technical difficulties and unknowns associated with the 
construction and operation of a technology, the reliability of the technology, ease of 
undertaking additional remedial actions, and the ability to monitor the effectiveness of the 
remedy. 

Administrative feasibility, including activities needed to coordinate with other offices and 
agencies and the ability and time required to obtain any necessary approvals and permits 
from other agencies (for off-site actions). 

Availability of services and materials, including the availability of adequate off-site 
treatment, storage capacity, and disposal capacity and services; the availability of 
necessary equipment and specialists, and provisions to ensure any necessary additional 
resources; the availability of services and materials; and availability of 
prospective technologies. 

Cost: The types of costs that will lbe assessed include the following: 

8 Capital costs, including both direct and indirect costs 

e Annual O&M costs 

e Net present value of capital and O&M costs (present worth) 

To the extent possible, order of magnitude cost estimates (+50 to -30 percent) will 
be developed. 
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5.3.2.3 Modifying Criteria 

The final two criteria, State and community acceptance, will not be addressed until a final 
decision is being made. State acceptance will be included in the Proposed Plan presented for 
public comment. Community acceptance will be included in the ROD. 

State Acceptance: The State will review the draft FS Report and will have an opportunity to 
provide comments. The State concerns that will be assessed include: 

0 The State's position and key concerns related to the preferred alternative and 
other alternatives. 

e State comments on ARARs or the proposed use of waivers. 

Technical and administrative concerns raised by the State in its comments regarding each 
alternative will be evaluated and addressed. 

Community Acceptance: The preferred alternative(s) for the site will be presented to the 
public in the Proposed Plan, which will provide a brief summary of all of the alternatives 
studied in the Detailed Alternatives Analysis of the FS. In accordance with the NCP, the 
public will have an opportunity to review and comment on the selected remedial alternatives 
presented in the Proposed Plan. ;The public's comments will be addressed in the 
responsiveness summary and ROD. 

5.3.3 Comparative Analysis of Alternatives 

When the alternatives have been described and individually assessed against the criteria, a 
comparative analysis will1 be conducted to evaluate the performance of each alternative relative 
to each specific evaluation criterion. This analysis is in contrast to the preceding analysis in 
which each alternative was analyzed independently without consideration of other altematives. 
The purpose of this comparative analysis is to identify the advantages and disadvantages of 
each alternative relative to the others. 

The comparative analysis will include a narrative discussion describing the strengths and 
weaknesses of the alternatives relative to one another with respect to each criterion and how 
reasonable variations of key uncertainties could change the expectations of their relative 
performance. A lbrief summary of those comparisons also will be prepared. 

5.4 Task 13: Feasibility Study Report 

If site risks warrant performing an FS, all aspects of the FS will be documented in the FS 
Report. The format of the FS Report will be consistent with EPA guidelines specified in 
Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA @ (EPA 1988), and will be flexible to reflect the level of detail necessary to reach a decision. 
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A removal action may be used to remediate sediments and/or soils in the focused study area. 
In anticipation of this possibility and because of the limited time available to prepare 
documentation for a removal action, the detailed analysis of alternatives for sediments and 
soils will include information required for completion of an EEKA. If a remedial action(s) is 
required, the FS, and especially the detailed analysis of alternatives, will be the basis of the 
remedial design. 

The FS Report will accomplish the following objectives: 

8 Ensure that human health and the environment and all major issues are 
adequately addressed. 

0 Ensure adequate documentation of the decision-making process. 

8 Provide recommended remedies for MMTSderived contaminated media and1 sediment in 
the focused study area. 

A proposed outline for the FS Report is presented in Table 5.4-1. 
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TQble 5.4-1. Proposed Feasibiliry Study Repon Outline 

Table of Contents 

Extoutivc summary 

1 .o 

2.0 

3 .O 

4.0 

5 .O 

6.0 

Introduction 
1.1 Purpose and Organization of the Repart 
1.2 Background Information 

1.2.1 Site Description 
1.2.2 Site History 
1.2.3 Nature and Extent of ConUmhthn 
1.2.4 Contaminant Fate and Transport 
1.2.5 Summary of Baseline Risk Assessment 
1.2.6 Applicable or Relevant and Appro- RcqUiranents Summary 

Identification and Screening of Technologies 
2.1 Introduction 
2.2 Remedial Action Objectives 
2.3 Preliminary Remedimtion Goals 
2.4 Gencral Response Actions 
2.5 Identification and Screening of Technology Types and1 Process Options 

2.5.1 Identification of Technologies Associated with the General Response Actions 
2.5.2 Screening Criteria 
2.5.3 Screening of Technologies 
2.5.4 Selection of Representative Technologies 

\ 

'Development of Alternatives 

Initial Screening of Remedial Action Alternatives 
4.1 lntroduction 
4.2 Screening Criteria 
4.3 Alternative Analysis 
4.4 Summary of lnitial Screening of Alternatives 

Detailed Analysis of Alternatives 
5.1 Introduction 
5.7 Alternatives Definition 
5.3 Comparison Among Alternatives 

5.3.1 Overall Protection of Human Health and the Environment 
5.3.2 Compliance with Applicable or Relevant and Appropriate Rquircmcnts 
5.3.3 Short-Term Effectiveness 
5.3.4 Long-Term Effectiveness and Permanence 
5.3.5 Reduction of Toxicity, Mobility. or Volume Through Treatment 
5.3.6 lmplementability 
5.3.7 cost  
5.3.8 State Acceptance 
5.3.9 Community Acceptance 
5.3.10 Summary of Comparisons Among Alternatives 

Recommended Remedy 

DOE-GJPO Feasibility Study September 1995 
RlFS Work Plan DRAFT FINAL Page 5-13 



This page intentionally left blank. 

S e p t ~ r  1995 Feasibility Study DOE-GJPO 
RI/FS Work Pian Pege 5 1 4  DRAFT FINAL 





The Proposed Plan will supplement the RYFS with risk management judgments and will 
provide the public with the rationale for selecting the preferred alternative for remedial action 
(which may include the No Action Alternative). The results of the comparative analysis of 
alternatives performed during Task 12 of the RYFS combined with risk management 
judgments made by members of the triparty agreement become the rationale for selecting a 
preferred alternative and preparing a Proposed Plan. The Proposed Plan will be prepared in 
accordance with Guidance on Preparing Supeghd Decision Documents @PA 1989b). . 
As explained in Section 1.2, Technical Approach, one Proposed Plan is planned for OU III. 
However, circumstances may require that two Proposed Plans be prepared, one for sediments 
and/or soils and one for surface water and ground water. Alternatively, a combined Proposed 
Plan may address the sufficiency of any removal action completed for the soils andor 
sediments. A removal action is planned for any required cleanup of sediments and soils in the 
focused study area, if deemed appropriate by EPA and the State. 

The objectives of the Proposed Plan are: 

Briefly describe the remedial alternatives analyzed. 

0 Identify and discuss the rationale that supports the preferred alternative. 

0 Summarize formal comments received from the reviewing agencies. 

Summarize the explanation of any proposed waiver of an W. 

Following preparation of the Proposed Plan, the following community involvement activities 
will be conducted: 

Publish a notice of availability of the Proposed Plan, including a brief analysis of the 
Proposed Plan, in the Blanding and Monticello, Utah, newspapers. 

Make the Proposed Plan and supporting analysis information available in the 
administrative record. 

m Provide an opportunity for submission of comments on the Proposed Plan. 

8 Hold a public meeting in Monticello regarding the Proposed Plan. 
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8 Prepare a transcript of the public meeting and make the transcript available to the public. 

0 Prepare a Responsiveness Summary documenting new relevant information submitted 
during the public comment period and the response to each issue. 

6.2 Record of Decision 

The last step of the remedy selection process is to make the final remedy seldon decision and 
document that decision in a ROD. In preparation of the OU IIl ROD, the preferred alternative 
will be reassessed on the basis of new information or points of view expressed by the 
reviewing agencies and community during the public comment period. Final remedy selection 
will be based on the mutual agreement of DOE, EPA, and the State. However, selection of 
the remedy ultimately rests with EPA, especiatly if the parties do not agree. The ROD 
will be prepared in accordance with Guidance on Preparing Superjhd Decision Docurnem 
(EPA 1989b). 

As explained in Section 1.2, Technical Approach, one ROD is planned for OU III. However, 
circumstances may require that two RODS be prepared, one for sediments and/or soils and one 
for surface water and ground water. Alternatively, a combined ROD may address the 
sufficiency of any removal action completed for the soils and sediments. A removal action is 
planned for any required cleanup of sediments and/or soils in the focused study area, if 
deemed appropriate by EPA and the State. 

The ROD will describe the following statutory requirements as they relate to the scope and 
objectives of the action: 

How the selected remedy is protective of human health and the environment. 

How the remedy will attain the Federal and State requirements that are applicable or 
relevant and appropriate to the site. 

Any ARARs that the remedy will not meet, the waiver involved, and the justification for 
invoking the waiver. 

How the remedy is cost-effective. 

If applicable, how the remedy uses permanent solutions and alternative treatment 
technologies or resource recovery technologies to the maximum extent practicable. 

If the remedy was selected for its ability to permanently and1 significantly reduce the 
toxicity, mobility, or volume of hazardous substances or why such a remedy was 
not selected. 
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~n addition, the ROD will present: 

0 Description of alternatives. 

0 

0 

Comparative analysis of alternatives using the nine CERCLA criteria. 

The remedial goals that the remedy is expected to achieve. 

Q Summary of site risks. 

Q The significant changes and the response to comments on the Proposed Plan, and 
highlights of community participation. 

Q Description of any contingencies placed on the ROD. 

Q Summary of site characteristics. 

Q Whether hazardous substances, pollutants, or contaminants will remah on the site and a 
review of the remedial action will be required at least every five years. 

Q Site name, location, description, and history. 

Q Commitment for further analysis and selection of long-term response meaSureS within an 
appropriate time frame, when appropriate. 

Upon signature of the ROD by DOE, EPA, and the State, the followi8ng community 
involvement activilties will be conducted: 

0 Publish notice of availability of the ROD in the Blanding and Monticello, 
Utah, newspapers. 

0 Make the ROD available for public inspection and copying before the commencement of 
any remedial actions. 

DOE-GJPO Proposed PlanIRecord of Decision September 1995 
R I B  Work Plan DRAFT FINAL Page 6-3 



This page intentionally left blank. 

September 1995 Proposed P(en/Record of Decision DOE-GJPO 
Page 6-4 DRAFi FINAL R l l F S  Work Plan 





The schedule for QU III is presented in Figure 7.0- 1. The schedule contains target 
wmiletion dates as well as the enforceable milatone dates established in the MonricelZo sire 
Managemem P h  (DOE 1995b) for submittal of primary documents to EPA and the State. 

The DOE is u W g  the EPA's SACM approach to expedite completion of the RVFS. As a 
result, target completion dates are projected to occuf well in advance of enforceable milestone 
dates. The SACM approach is being used to streamline the ecological and human health risk 
assessments and refine the scope of work for the ground-water modeling effort. The 
streamlined approach for the ecological risk assessment and human health risk assessment and 
the refined scope for the ground-water modeling effort are presented in Sections 4.5,4.6, and 
4.7 of this Work Plan, respectively. 

The OU III schedule was developed on the basis of the foUowing assumptions: 

0 Regulatory reviews, comments, and approvals are received within the allotted time frames 
(per the FFA). 

Agreements for access to on-site and re fmce  area monitoring/sampling sites are received 
within the allotted time frames. 

0 An open communication network is maintained among DOE-GJPO, EPA, and the State to 
allow timely resolution of problems and conflicts encountered during implementation of 
the RI/FS. 

0 Input is received from EPA and the State regarding performance criteria and future land 
use before ini'tiation of flow and transport modeling. 

e A single Proposed Plan and ROD will be prepared for OU ID; separate Proposed Plans 
and RODS for sedimedsoil and surface waterlground water will not be required. 

Key elements of the proposed schedule are 

e All fieldwork described in this Work Plan will be initiated in Spring 1995 and completed 
in Fall 1995. 

0 Ground-water flow and transport modeling will be completed in March 1996. 

0 A draft RI report will be submitted for regulatory review in May 1996. A draft FS report 
will be submitted for regulatory review in October 1996. Draft Final versions of the RI 
and FS reports will be submitted for regulatory review in September 1996 and January 
1997, respectively. The stipulated penalty milestone for the draft final documents is 
June 19, 1997. 
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A draft Proposed Plan and draft ROD will be submitted for regulatory review in June 
1997 and January 1998, respectively. Draft Final versions of the Proposed Plan and ROD 
will be submitted for regulatory review in July 1997 and March 1998, respectively. The 
stipulated penalty milestones for the draft final Proposed Plan and ROD are May 22,1998 
and January 11, 1999, respectively. 

The RVFS report and Proposed Plan will be submitted for public review and comment in 
August 1997. 

Remedial design/action specified in the ROD will be initiated in April 1998. 

Additionally, the DOE intends to utilize early actions, with EPA and State concurrence, to 
further expedite completion of the OU III project. The use of early actions is consistent with 
the EPA's SACM approach. Early actions and supporting documentation are not shown in the 
OU IlI schedule, because it is not yet known whether such actions are warranted. However, 
the DOE has determined, based on expected land use and results of preliminary human health 
risk calculations, that it is likely that an early action involving institutional controls and/or 
excavation of sediment/soil from portions of upper and lower Montezuma Creek will be 
warranted. Therefore, the DOE will prepare a separate streamlined risk evaluation for 
sediment/soil. If the streamlined risk evaluation indicates early action is warranted, an EE/CA 
will be prepared. The early action will be pursued if the EE/CA indicates that the action can 
realistically achieve rapid reductions in the majority of risk, is consistent with the likely final 
remedy for the site, and can be implemented in a manner that results in overall cost savings. 
The implementation of any early action for sediment/soil would likely occur in late 1996 or 
1997. Similarly, the DOE will pursue an early action for surface water and ground water, if 
wananted on the basis of risk assessment and ground-water modeling results. Any early action 
for surface water and ground water would likely occur in 1997 or 1998. 
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8.1 .AcDministsative Record 

The administrative record is the complete body of documents that forms the basis for selecting 
a CERCLA response action. It serves two primary purposes. First, it limits the judicial 
review of the adeqllncy of the selected response action to only those documents in the 
administrative record. Secondly, it acts as a vehicle for public participation in selecting a 
response action because it is available for public inspection and comment. 

As required. by the FFA, DOE has established and is maintaining an administrative record for 
OU I, OU II, and OU m. The administrative record for all OUs is maintained in accordance 
with the requirements of Section 113(k) of CERCLA, with current EPA policy and guidelines, 
and the provisions of the Federal Facilities Agreement. 

The administrative record for OU III is kept at two hcations. One location is at DOE-GPO 
in the Technical Library's Public Reading Room; the other is at the Rust Office in Monticello, 
Utah. A copy of each document is placed in the administrative record, which is updated 
quarterly and transmitted to EPA and the State. The update includes an Index of Documents 
in the complete administrative record. 

The administrative record usually only contains the final version of documents. However, 
EPA makes final determination, after consultation with the State, of whether a document is 
appropriate for inclusion in the administrative record. The Index of Documents provides a 
complete listing of documents and information in the administrative record. Examples of 
documents in the administrative record are listed below: 

RI/FS Work Plan 

a RI/FS Sampling and Analysis Plan 

@ RI/FS Quality Assurance Project Plan 

@ Basehe Risk Assessment Report 

0 Remedial Investigation Report 

0 Feasibility Study Report 

8 Work Plans and Reports for Treatability Studies 

E+ Proposed Plan 

0 Record of Decision (draft and final version), to include the Responsiveness Summary. 
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EPA requires that an information repository be established at facilities undergoing response 
actions. The information repository contains all the information on response activities that is 
available to the public throughout the life of the project. This includes all types of information 
about the site, the CERCLA program, and information describing the response action. 

DOE has established an information repository for OU III that is kept with the information 
repositories for OUs I and II. The information repository for OU III is kept at the same 
locations as the Administrative Record. 

Materials in the information repository overlap with the administrative record. However, the 
information repository contains additional information that is not in the administrative record, 
such as remedial design and remedial action documents. The administrative record generally 
contains only those documents that form the basis for selecting a response action 
(Le., pre-ROD and ROD information). As with the administrative record, EPA makes final 
determination, after consultation with the State, of whether a document is appropriate for 
inclusion in the infomation repository. The Index of Documents provides a complete listing 
of documents in the information repository. Examples of documents in the information 
repository are listed below: 

e Press releases and fact sheets generated about the response action 

0 Community Relations Plan 

a RI/FS Work Plan 

e RIReport 

e FS Report (draft and final) 

e Remedial Design ‘Work Plan 

0 Remedial Design 

Federal Facilities Agreement 

e ROD 

0 Documentation of site sampling results 

General information about the CERCLA program 

DOE Five-Year Plans 

0 DOE Site-Specific Plan 
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